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The treatments used <luring this investigation are referred to by three different names 
throughout this thesis. The synonymous treatment names and the application rates they represent 
are listeJ below. 
Synonymous tre a t ment names 
Check Check 
44.8-Low (L) Twenty-Low (20-L) 
44.8-High (H) Twenty-High (20-H) 
89.6-Low (L) Forty-Low (40-L) 
89.6-High (H) Forty-High (40-H) 
134.4-Low (L) Sixty-Low (60-L) 
134.4-High (H) Sixty-High (60-H) 
179.2-Low (L) Eighty-Low (80-L) 





0.0 ( 0. O) 
44.8 ( 38.S) 
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89.6 (101.5) 
89.6 ( 85.3) 
134.4 (135.2) 




0.0 ( 0.0) 
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89.6 ( 92.5) 
89.6 ( 92.3) 
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134. 4 (139.6) 












A result of making agriculture more cost effective has been and 
continues to be a shift from the small diversified operation towards 
larger, more specialized agricultural enterprises. In the sector of 
agriculture engaged in the production of animal products for the con­
sumer's table, this has meant a concentration of larger numbers of 
animals on smaller tracts of land. The concentration of animals neces­
sarily gives rise to large accumulations of animal wastes in a small 
area. The disposal of these wastes is a major problem confronting 
producers of animal products. 
A seemingly large number of alternatives are available to the 
producer for waste disposal. These alternatives run the gamut from 
land application through refeeding and methane production to incinera­
tion; however, nearly all disposal methods leave by-products which 
require further disposal. The prohibitive costs of many of these 
methods combined with legislation prohibiting the dumping of wastes 
into waterways ultimately results in application of most animal wastes 
t o  the soil. 
The area of land available to the operator for disposal, and the 
distance wastes must be hauled to the disposal site are factors which 
in practice influence application rates. Hauling distances influence 
application costs and as a result make it attractive to dispose of wastes 
close to the production site. 
The operator with little available land and large amounts of 
wastes to be removed from the production facility may view the land 
solely as a disposal site with little regard for f uture productivity. 
Prime concerns with that type of operation are adequate in corporation 
of the wastes to minimize runof f and odor problems and precautions to 
prevent leach i ng of t oxic substances to ground water. 
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The operator with s uf ficient land to serve as a disposal site and 
a clear connnitment to maintaining the productivity o f  his land may view 
animal wastes as a resource capable of reducing his f ertilizer costs. 
Th is operator must c oncern himself with f actors that reduce the value 
of cr ops grown on his land plus those that limit its productivity in 
addition to pollution of ground and surf ace waters. Nitrates and potas­
sium may accumulate in plants to levels toxic to animals. Salts present 
in the waste may cause the soil solution to exhibit a high osmotic 
potential and limit water availability to plants . Ads orption of mono­
valent cations on soil clays may cause degradation o f  soil structure 
and limit movement of water i nto and through the s oil. 
An experiment was conducted at the Southeast South Dakota Experi­
ment Farm to establish relationships between animal wastes applied to 
the soil and their e ffect on the s oil and plant s grown on it. Feeder 
steers were fed from approximately 200 to 540 kg with a typical finishing 
ration which varied only in the amount of NaCl added to it. The wastes 
produced by the steers were collected , segregated a ccording to NaCl 
levels in the ration , and spread on field plots at rates up to 179 . 2  
Mr/ha/yr. 
The obj ectives of this investigat ion were : 1) to determine if 
under dryland conditions t he salts present in manure applied to the 
land would accumulate in the root zone to levels high enough to seriously 
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limit crop production, 2) to determine if the ratio of monovalent to 
divalent cations present in the manure would upset the balance of these 
cations in the soil and cause soil structure problems, and 3) to deter­
mine if the salts and organic matter add ed by the manure would affect 
the soil's ability to transmit water. 
LITERATURE REVIEW 
Land application of animal waste is a disposal technique with 
both promise and problems. It offers a way in which to reverse the 
trend of mining plant nutrients and a method of returning organic 
matter to the soil, but the possibility of damaging the soil-water­
plant system exists if necessary caution is not exercised in a land 
application program. Recent literature discusses the disposal of 
wastes from different animal types utilizing many disposal systems. 
This literature review will primarily concern itself with that litera­
ture related to land disposal of beef cattle wastes. 
Chemical Properties 
Chemical properties of man ure are quite unique to a particular 
feeding situation depending upon the storage system, type of feedlot 
surface, animal density, climate, and ration. Hensler et al. (1970) 
noted differences in nitrogen (N) content of manure with different 
storage systems. The greatest N content was found in fresh manure. 
Gilbertson et al. (19 7 5) and Mccalla et al. (1972) have examined 
the effect of animal density and feedlot slope on chemical properties 
of manur e. They determined that N and phosphorus (P) content as well 
as volatile solids increased with increasing animal density. Mccalla 
et al. (1972) noted the same relationships with increasing feedlot 
slope. Gilbertson et al. (1975) found an increase in moisture content 
but did not report differences in other manure constituents as a result 
of increasing feedlot slope. Boorarn and Smith (1974) working with an 




P content. The highest N and P contents measured were present during 
the winter months. Adriano (1975) found that climate influenced the 
content and rate of decomposition of manure with temperature and mois­
tur e  the most important climatic variables. The type of f eedlot 
housing modified climate and thus manure composition. Horton et. al. 
( 1975 ) and Shuyler et. al. (1975) found a direct correlation between 
the sodium content of the ration fed and.the amount of sodium contained 
in the manure. Wallingford et. al. (1974) analyzed lagoon effluent 
and found large variations in salt constituents among lagoons in Kan­
sas. Wide ranges in the constituents found in manure make it dif f i­
cult to establish application guidelines on a dry weight of manure per 
unit area basis. It is therefore imperative to conduct a rather de­
tailed chemical analysis of the manure to be-used in land disposal. 
Tables 1 and 2 are presented as samples of manure analyses found in 
the region. 
Manure Salt Constituents Added to the Soil 
Calcium (Ca), magnesium (Mg), sodium (Na), and potassium (K) ions 
and the ir salts are the most abundant salt constituents in beef wastes 
and theref ore exert the greatest influence on soils. Soil salinity 
is af fected by the total concentration of these salts. The proportion 
of Ca, Mg, Na, and K adsorbed on soil clays plus the concentration of 
the soil solution influence soil s tructure. The elctrical conductivity 
(EC) of soil saturation extracts and saturated pastes are measures of 
total soil salinity that have been correlated with cr op yields. The 
conductivity of an electrolyte is the sum of the contribu tions of all 
the ionic species in the electrolyte (Daniel and Alberty, 197 5). Since 
Table 1. Average chemical characteristics of waste removed from 
outdoor, unpaved beef cattle feedlots (Gilbertson et. al., 
1974). 
Area per animal 
(m2/head) 
Characteristic a 9.3 18.6 
Moi.sture content (%) 97.2 82.6 
pH 7.6 6.6 
Electrical conductivity (rnmhos/cm) 3.7 3.8 
Kjeldahl N 7810.0 10490.0 
1390.0 1040.0 
1.4 15.3 
Total P 960.0 800.0 
Na 1180.0 1110.0 
K 4080.0 2890.0 
Ca 1900.0 1660.0 
Mg 1230.0 896.0 
Zn 16.8 11.5 
Cu 4.8 3.5 
Fe 2480.0 1320.0 
Mn 91. 8 54.1 
aconcentration values in ppm on dry weight basis unless otherwise 
noted. 
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Table 2 .  Elemental composition and electrical conductivity of beef­
feedlot-lagoon water applied to research plots (Wallingf ord 
et. al. , 1974) . 
High Low Ave. 
Electrical conductivity8 (mmhos/cm) 7 . 6  1 . 6 3.1 
Na 660 . 0 112 . 0 306 . 0 
K 1840 . 0  259 . 0  682 . 0 
Ca 615 . 0 10 6 . 0  26 8 . 0 
Mg 2 39 .  0 35 . 0  92 . 0  
NH -N 4 179.0 4 . 0 59 . 0  
N03-N 63.0 1 . 0 16 . 0  
aconcentration in ppm unless otherwise specified. 
1 
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EC is a function o f  total concent ration it is to be expect ed that EC 
values measured in soil will vary with the amount o f  salt originally 
present , the amount added in the manu re , and the amount removed either 
by growing plants or leaching water. Salts added vary with the ration 
fed and the amount of salts removed depends on the quantity of leaching 
wat er and the permeability of the soil. 
Sukovaty et. al. (1974) and Swanson et. al. (1974) did not measure 
significant changes in the EC of saturation ext ract s on a Colo silty 
clay loam at application rates of 2.5 and 5.0 cm bee f  feedlot ef f lu­
ent/wk. Wallingford et. al. (1974) found a linear cor relation between 
the EC of saturation extracts and cumulative applications of lagoon 
water. They attribut ed a decrease in corn yields at application rates 
of 26 and 46 cm/yr t o  s oil salinity. In similar work , Wallingford et. 
al. (1975) developed a linear correlation between 4 yr cumulative appli­
cation rates of manure ranging from 114 to 2750 MT/ha and the EC of 
sat uration ext ract s of surface soils. Electrical conductivity valu es 
exceeding 10 mmhos/cm we re recorded at spring samplings. Mathers and 
Stewart (1974) found t he EC of soil pastes in the seed zone o f  soils 
receiving 112 }IT manure/ha/yr or more to exceed 3 mmhos/cm; however, by 
the end of the growing season, irrigation wate r had leached the s alts 
su fficiently to reduce the EC below 3 mmhos/cm at all rat es less than 
224 �IT/ha/yr. Mathers and Stewart (1971) cited s oil salinity as a 
cont ribut ing factor in early season growth depression in 1969 on plots 
manured at 69 and 134 MT/ha/yr. Before seeding in 1970, ir rigation 
water was applied and enough dilu tion occu rred to prevent growth depres-
sion. 
The energy of retention of water in soil and plant systems, water 
potential, may be e xpressed by the following equation: 
�w = �p+�m+�o (1) (Taylor and Ashcroft, 1972) 
�w water potential 
�p pressure potential 
�m = matric potential 
�o = osmotic potential 
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Osmotic potential, �0, is a function of salt concentration and has been 
expressed by the U.S. Salinity Laboratory Staff (1954) as follows: 
�o = -0.36 x EC (mmhos/cm). (2) 
By definition and according to eq. 2, the osmotic potential of pure 
water equals zero. Since water does move through a semi-permeable 
membrane into a solution, the osmotic potential of a solution is nega­
tive. From equation 1, salts in the soil solution reduce the water 
potential of soil water. Therefore, an increase in the concentration 
of the soil solution reduces the potential gradient, the driving force 
for water movement, and consequently water availability to plants. 
Bingham and Garber (1970) physically divided the root zone of 
corn plan-ts into 3 equal parts with wax lenses which enabled them to 
selectively salinize thirds of the root zone with a NaCl solution whose 
EC measured 12 m hos/cm. They reported that salinization of 1/3 of 
the root zone increased shoot growth slightly, making 2/3 of the roots 
saline reduced shoot growth by 10%, and salinization of the entire 
root zone cut shoot growth by 30%. Water uptake was reduced from a 
saline zone, however, increased uptake from the remaining zones par­
tially compensated for the reduction. Lunin and Gallatin (1965) doing 
I 
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similar research wit h corn found that wat er upt ake decreased with in­
creasing salinity and ceased entirely when the EC of a zone reached 
14-16 mmhos/cm. They also report ed incr eased uptake from the non-saline 
port ions and slightly depr essed yields after salinization of 2/3 of 
the root zone. 
Early growth depression of corn at applicat ion rat es of 27 5 and 
540 Kr/ha/yr were attribut ed to soil salinity by Manges et. al. (1971 ) .  
Mathers and St ewart (197 1)  r eport ed early growth depression of grain 
sorghum in 1969 at application rat es of 67 and 134 Wf /ha/yr which they 
attributed to soil salinity ,  but the plants recove red and there was no 
significant difference in final yields. Growth of sorghmn on plots 
receiving 26 9 and 538 Kr/ha/yr remained depr essed and yields were less 
than 1/3 of check yie lds. A possible explanation for t he report ed 
differences is t hat plants grown on plots with the lower application 
rates were st unt ed but the root s we re able to penet rat e to a non-saline 
portion of t he soil profile from which they were able to more easily 
extract wat e r. However, sorghum grown on the plot s r eceiving t he large r 
applications was severely stunt ed and the roots were unable to pene­
trate to a non-saline st ratum in time to equaliz e yields. Similar 
rationale may be used t o  explain the results of Mathers and St ewart 
(1974) who report ed recove ry of early growth depr es sion on plots manured 
at rates of 112 and 224 }IT/ha/yr but continued growt h depression at 
higher application rat es. 
Manure as Soil Conditione r 
Increased yields as a consequence of manuring have not always been 
explainable on the basis of added fertility. Many author s have cit ed 
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manure ,  by virtue of t he large quant it ies of organ ic mat t e r  present, 
as a soil condit ioner capable of making soil more friable and i n  general 
imp roving soil structure. 
Mazurak et. al. (197 5 )  simulated rainfall and r eported that the 
diameter o f  detached aggregat es increased with higher ·manure applica­
tion rates.  A consequence of the larger aggregat es was an increased 
water intake rat e  o f  some of the soils. Zwerman e t. al. (1972)  also 
simulated rainfall and found that plots manured a t  a rat e of 1 3 . 5 M:r/ 
ha/yr had 50% less runoff than unmanured plots. During equal int ensity 
rainfalls, runoff and infiltrat ion are inverse ly proportional; there­
fore , in filt ra t ion was increased by 50%. W illiams and Cooke (19 6 2 )  
report ed that 6 7  MT manure/ha/yr made soils more s table t o  water move­
men t and increased permeab ility. Studying the effect s of a long term 
manuring program on wat er int ake rat es, Mazurak et. a l. ( 19 5 5 )  deter­
mined that manur e applicat ions of 2 7  MT/ha/yr caused the greatest wat er 
intake rate increases in cont inuous corn. Intake rates at 10 and 120 
minutes went from 7 to 1 6  cm/hr and from 0 . 5 to 6.8 cm/hr respect ively. 
Tiarks et. a l. (197 4 )  found manure applicat ions o f  360 MT/ha increased 
the hydraulic conduct ivity of disturbed soil five- fold. The hydraulic 
conduct ivit ies of undisturbed soils were reduced by the large applica­
t ion rat e  b ut were nearly equal to those of unmanured soils by the fol­
lowing spring. 
Holliday et. al. ( 1 9 6 5) suggested that greate r  availab le soil mois­
ture was a factor which might explain increased y i eld responses to 
manure applications during dry years. Salter and Williams (19 6 3) deter­
mined volumetric moi s ture contents of manured and unmanured soils 
• 
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b etween field capacity and wilting point and report ed t hat volumetric 
moisture cont ents were great er for the manured soil . Manuring also 
increased available wat er cont ent and great er relative amount s  of wat er 
were released at low tensions in the manured soil. Salter et . al . 
(19 67) measured matric su ctions under actively growing ryegrass and 
found a de crease in matric suctions under manured plot s .  Olsen e t .  al . 
(1970) det ermined that gravimetric moisture contents at field capacity 
(O . l atmospheres t ension ) increased dire ctly with application rat e 
except at rat es exceeding 200 MT/ha where a reduction oc curred which 
was attribut ed to t he formation of a waxy substan ce which acted t o  
repel wat er.  
Wat er Transport Through Manured and Salt Affe ct ed S oils 
To facilitat e int erpretation of soil permeabilit y data, various 
researchers have divided permeability vs . time data into phases .  Chris­
tiansen (19 47) working with saline and alkali soils defined 3 phases. 
During the first phase, permeability de creases to a minimum b elow t he 
init ial rat e due to the removal of salts and swelling of soils reducing 
the effe ctive pore size . An increase in permeability, usually t o  a 
level higher than t he initial rat e, oc curs during the se cond phase as 
trapped air gradually goes into solution . Soil sealing caused by micro­
bial activity de creases permeability in phase three . Christiansen et . 
aL (19 47) report ed that when sufficient gypsum was present to replace 
exchangeable Na with Ca little or no sealing took place during phase 
one . Thomas et. al . (19 6 6) gave coat ing of soil particles by P and Fe 
which reduc ed pore size and plugging of soil pores by organic mat t er 
as possible explanations for the reductions in infiltration rat e they 
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observed during a sewage spreading experiment. Infiltrat i on rat es 
increased after sewage applicat ions were discontinued and organic nat­
ter was t he only soil constituent mon itored that decreased during this 
period of tjme. According to Rice (1974) , chemical, physical , and 
biological fact ors cause soil clogging and reduced permeab ili ty. 
Chemical clogging is caused by an int eraction between dissolved salts 
and soil particles result ing in smaller pores and consequ ently lower 
permeability. Physical clogging is the result of suspended solids 
blocking soil pores. When the soil pore size is greater than the 
diameter of the suspended solids some particles may penetrat e t o  great er 
d epths and build up a restrict ive layer of low permeabili ty. B iologi­
cal clogg i ng results when b acterial growth or their by-products reduce 
pore diame t er .  Bi ological clogging occurs oply af t er long periods of 
inundation and usually near the soil surf ace. Rice (197 4 )  concluded 
that decreases in permeab ility ob served whi le flooding soil columns 
with secondary wast e wat er ef fluent were due to clogging of surf ace 
(0-1 cm) pores by suspended solids . DeVries (197 2 ) reported that fail­
ure of sand filters at low t emperatures was caused by suspended solids 
clogging surface pores. Daniel and Bouma ( 197 4) concluded that smaller 
particles could penetrate to form bottlenecks in the pore syst em and 
t here fore the size of suspended solids influenced p ermeab ility. Lehman 
and Clark (1975) found that a synthet ic feedlot runoff reduced the 
infiltration rate o f  soil columns to less than 0 . 006 cm/hr. They con­
cluded t hat clogging at or near t he surf ace was r esponsible for t he 
reduction b ecause infiltration rates were increased by removing the 
surf ace 2 cm of the columns. Schuman and Mccalla (1975) found potassium 
323315 
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to be the predominant cation in the surface 15 cm of a feedlot soil. 
Columns of the feedlot soil sealed while being leached with a calcium 
chloride solution probably due to a 5-7 cm organic gel that formed 
on the soil surf ace. 
In a soil suspension both attractive and repulsive forces act 
between soil particles. The large surface area present in a suspen­
sion represents a large amount of free energy which is at a minimum 
when the particles have united into a large crystal. Even though un­
stable in a thermodynamic sense, the particles may remain in suspension 
for a long period of time if the repulsive forces between particles are 
large enough to form an energy barrier which prevents the particles 
from coming together. The addition of salt may suppress the repulsive 
forces enough to lower the energy barrier until the particles can sur­
mount it and fall into an energy trough, Fig. 1 (Taylor and Ashcroft, 
1972). 
Introduction of an electrolytic solution into a soil may cause 
the clays present to hydrate and swell decreasing pore size and per­
meability. Rowell et. al. (1969) listed amount and type of clay pre­
sent, exchangeable cations on the clay, free salt in the soil, concen­
tration and composition of the electrolyte, and the presence of other 
materials in association with the clay such as sesquioxides and organic 
matter as factors controlling the sw€lling of soil. Hydrated sodium 
ions with their small charge to volume ratio and to a lesser extent 
other monovalent cations cause expandable clays to swell and if present 
in sufficient proportions to disperse entirely. Various researchers 








Fig. 1. Energies in a soil suspension. 
Repulsion 
Attraction 
Di stance � 
� 
Curve 1 is an example of repulsion, and curve 
6 is an example of attraction. These two 
curves vary with the colloid and the kind s and 
amounts of ele ctrolyte s. Thus, when curves 1 
and 6 are summed for different conditions, they 
produce curves similar to 2, 3, 4, and 5. 
Curve 2 represents a stable suspensi on, because 
the energy of repulsion predominates. Addition 
of more electrolyte will suppress the double 
layer and produce a curve similar to 3 ,  4, 
or 5 depending on the amount added. With 
curve 3, there is s till an ener gy barrier to 
flo cculation, but when the particles surmount 
the energy barrier and approach closer than 
point C, the forces of attraction predominate 
and the parti cles stick together. A suspen­
sion represented by curve 5 flocculates spon­
taneously and cannot be redispersed unless 
the curve is shifted back tow ard curve 2. 
This shift may be accomplished through ex­
panding the double layer by changing the kinds 
and/or amounts of the electrolytes. 
(Taylor and Ashcroft, 19 72. Physical Edaph­
ology. W. H. Freeman and Company, San Fran­
cisco, Pp. 107.) 
"""' IJ'1 
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allowable to maintain stable soil structure . U. S.  Salini ty Laboratory 
St a ff (19 5 4) has set an ESP of 15 as the criteria for separat ing soils 
into non-alkali and alkali categories. Magistad (1945) classi fied 
a lkali soils, those likely to d isperse as salts are leached, as those 
containing over 12% exchangeable sodium plus potassium. Emerson (19 67) 
class i fied soil aggregates on the basis of their coherence in water. 
Upon immersion of dry aggregates in wate! only those with an ESP of 
7 or more showed signs of d ispersion. 
Research by Quirk and Schofield (19 55), McNea1 and Coleman (19 66), 
E l-Swaify and Henderson (1967), and Hamid and Mustafa ( 1 9 7 5) reveals 
no part icular basis for d iv iding soils into non-alkali and alkali clas­
ses at an ESP of 15.  El- Swai fy and Henderson (1967) used swelling 
pressure and water retent ion as measures of $Oil st:ab ility and found 
that swelling pressure and water retent ion of homoionic soils increased 
as electrolyte concentrat ion decreased. These responses for sodium­
calcium heteroionic soils took on linear relat ionships w ith the propor­
t ion of sodium on the soil complex. McNeal and Coleman (19 66) and 
Quirk and Schofield (19 5 5) measured hydraulic conduct iv it y  as a funct ion 
of sodium adsorpt ion rat io and electrolyte concentrat ion. At a g iven 
electrolyte concentrat ion, an increase in the sodium adsorpt i on ratio 
of the percolat ing solut ion caused a decrease in hydrauli c  conduct ivity 
with no abrupt change at a sodium adsorpt ion rat io corresponding to 
an ESP of 15.  McNeal and Coleman (19 66) invest igated seven typical 
agr icultural soils of arid lands and reported that an ESP greater than 
15 could be t olerat ed without serious reductions in hydraulic conduc­




Cross et. al. (1973) associated decreases in hydraulic conduc-
tivity with the high sodium and potassium content of t he percolat ing 
solut ion as a result of applied manure. Travis et. al. (197 1 )  measured 
lagoon water infiltrat ion rates on soil columns and found that the 
infiltrat ion rate was reduced to zero. The reduct ion was par t ially 
a t t r ibuted to an imbalance of monovalent . to divalen t cat ions in t he 
lagoon water. A simulated organic free lagoon water was used to test 
the theory on two soils. The inf iltr at ion rate of one of the soils 
went to zero; however, the infiltration rate of the other was increased 
with t ime . It is therefore likely that the organic mat ter in the 
I 
lagoon water played a r ole in reducing infiltration rates. 
The literat ure reviewed shows that a given appli cat ion rate will 
not p roduce the same response on all soils. Manu re composition, cli-
mate , soil t ext ure and clay mineralogy are factors which influence the 
effects of animal wast e on soil prop erties. For t hese reasons, waste 
disposal guidelines need to be flexible to meet loc al conditions. 
METHODS AND MATERIALS  
In the fall of 19 7 4  sixteen pens with eleven s t eers in each pen 
were established at the Southeast South Dakota Experiment Farm. The 
steers were fed a common ration dif fering only in t he amount of NaCl 
added to t he feed. The levels of added NaCl used during t he feeding 
period were 0. 00, 0. 2 5 , 0.50 and 0.75% of the rat ion on a dry weight 
basis. 
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The manure from these steers was collected and segregated int o  
two salt levels : manure collected from animals f ed 0. 00 and 0. 2 5% 
added NaCl, hereafter referred to as "low", and manure collected from 
animals .fed 0. 50 and 0. 75% added NaCl, hereafter referred t o  as "high". 
Manure was applied as soon after collection as practical to field 
plot s with dimensions of 36. 6 by 6. 1 m established on Egan silty clay 
loam (Table 3) at the Southeast Sout h Dakota Experiment Farm. The field 
design, Fig. 2 ,  was a randomized complete block including treat ments 
of 0 . 0, 4 4.8, 89.6, 1 3 4. 4, and 1 79. 2 Wf/ha/yr dry waste at both low 
and high salt levels. Manure applications were made prior t o  t he 19 75 
growing season wit h no applications in 19 7 6. At t he t ime of application 
each load was weighed and a sample taken for chemical analysis. 
The chemical analysis included determinations for t he cations Ca, 
Mg, Na, and K and moist ure content. Calcium, Mg, Na, and K were deter­
mined by atomic adsorption (Issac and Kerber, 19 7 1) on an extract ob­
t ained from dry waste by ashing a sample at 450 ° C, ext racting with 
6 N HCl, and diluting to 100 ml  with distilled water (Chapman and Pratt, 
1 9 61 ) . 


































































High NaCl treatment 
Low NaCl treatment 
Check treatment 
44. 8 'J:IT /ha/yr 
89.6 ITT/ha/yr 
134. 4 MI /ha/yr 
179 . 2 }ff /ha/yr 




















Tab le 3 .  De tai led pro f i le descrip t i on of  the Egan s i lty c lay loam 
so i l . (This is an approved soil  s e r ies d e s cr i p t ion f rom 
the S t a t e  S o i l  S c ien t i s t's o f f i ce.) 
Locat ion: S outheast Agr i cul tural Experimen t Farm , Cen t ervi lle , S ou th 
Dako t a . 
Classificat i on: Typ i c  Hap lus t o l l; f ine s i lty , mixed m es i c .  
Paren t  Mat erial: Loe s s  over g lacial till. 
Physiography: Nearly l evel plain with low· b ro ad r idg e s . 
Salt or Alkal i: None . Land Use: Crop land . 
Ston iness: None ab ove 6 8 . 6 cm (27 in) . Eros i on: Sligh t . 
Slope: 1% c onvex. 









17.8-38 . 1  
38 . 1-6 1 .  0 
Permeab i l i ty: Moderat e . 
Ground Wa t e r: Deep . 
Descrip t i on· 
Dark grayish b rown (lOYR 4/2) s i lty clay 
loam , very dark brown (lOYR 2/2) moist; 
weak fine granular st ru c t ure ; s of t ,  very 
friab le , s l igh t ly s t icky; s light ly acid; 
abrup t  smooth boundary . 
Brown (lOYR 5/3) s i l ty c l ay loam, v e ry d ark 
gray ish brown (lOYR 3/2) moist, crushing 
t o  dark brown (lOYR 3/3), moist; we ak 
medium prismatic structure; p ar t in g  t o  weak 
coars e and medium subangular b locky s tru c­
ture; s l igh t ly hard, f ri ab l e  s l ight ly 
st icky; neutral; gradual wavy b o undary . 
Grayish brown (2. 5Y 5/2) s i l ty clay loam, 
dark grayish brown (2.5Y 4/2) moist ; we ak 
coarse prismatic s t ru c tur e  pa r t ing t o  weak 
coarse and medium subangular blocky struc­
ture; slightly hard, friable, s l igh t ly 
s t icky; neutral; clear smo o t h  b oundary . 
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Continued 






6 1 .  0- 7 8 .  7 
7 8 . 7- 106 . 7 
106 . 7- 152 . 4 
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Des crip t i on 
Light brown ish gray (2. 5Y 6/2) s i l ty c l ay 
loam , grayish b rown (2. SY 5/2) m o i s t; c om­
mon f ine dis tinct s tr ong b r own (7. SYR 5/8) 
mot t les; weak coarse s ubangu l ar b lo cky s truc­
ture; hard, f riab le, s l igh t ly s ti cky; com­
mon f ine dis t inct  a ccumu la t i ons; many medium 
sof t  lime segregat i ons; s t rong eff erves­
cence; moderat e ly a lka l ine; g radua l wavy 
b ound ary . 
Light b rownish gray (2. SY 6/2) c l ay loam , 
olive brown (2. -SY 4/4) mo is t; c ommon f in e  
distinct s t rong brown (7. SYR 5/8) mot t les; 
moderate coarse prisma t ic s tr u c t ur e  par t ing 
to modera te coarse sub ang ular b lo cky s truc­
t ur e; hard, f i rm s l igh t ly s t i cky; common 
fine brown accumula t i ons; m any f in e  s of t 
lime seg rega t i ons; s t rong e f f e rv e s c ence; 
mod e rat e ly a lkal ine; gradua l wavy b ound ary . 
Light brownish gray (2. SY 6/2) c l ay l oam, 
dark grayish brown (2.5Y 4/2) mo i s t; many 
fine dis t inct s t rong br own (7. SYR 5/8) and 
yellowish red (5YR 4/8) mot t le s; m ode rat e 
coarse subangu lar blocky s tr u cture; hard, 
firm s l ight ly st icky; common f ine and medium 
b r own accumulat ions; common l ime s eg r ega­
tions; s t rong e f f e rvescen ce; s t rong ly alka-
line . 
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The fall -applied manure was incorporat ed with a ch ise l plow to 
approximat ely 15 cm . Aft er the last wast e was applied in the spring, 
all plot s were moldboard plowed to turn over about 2 0 . cm of  soil . All 
plot s were then disked and harrowed to establish a see db e d .  
Plots manure d at rates of 0 . 0, 4 4. 8, and 89 . 6  Mr /ha were plante d  
on May 6 and 7 ,  1975 . The plot s receiving 1 3 4 . 4 and 179 . 2 MT manure /ha 
were too wet and "soft " at this time to allow machine traffic and were, 
there fore, plant ed  on May 12, 1975 . All plots were plante d  on May 6 ,  
19 7 6 . The plots were plant ed to corn (Zea mays L . )  at about 4 3 , 000 
plant s per hectare w ith herbicide and insect icide appli e d  in bands over 
the corn . 
Plant populat ions were det e rmined on all plots by counting plants 
in 3 6 . 6 m o f  row on June 3, 1975, July 7, 1975, J un e  1, 1 976 , and July 
21 ,  1976 . P lant he i ght s were d etermined by measuring every other plant 
for 3 6 . 6  m of row on June 27, 1975, July 7, 1975 , J une 10 , 1976 , June 27, 
19 76 , and July 2 1 , 1976 . 
Leaf samples were collect ed for plant analysis  d uring the first 
week of August in 1 975 . Leaves were taken from oppos i t e  and below ears 
which had silks whit e in color . The sampl·es were dried at 9 0 ° C ,  ground 
with a stainless st eel screen, and analyzed for Ca , Mg , Na and K plus 
micronutrients by spark- emission spectroscopy . 
The corn was harvest ed as silag e in Sept emb e r  1 1 , 1975 and S ept. ember 
9 ,  1976 by r emoving a ll the forag e from a 13 . 9 m
2 s ect ion of each plot . 
The s ilage wa s weighe d  and a subsample t aken for moist ure det erminat i on 
af t e r the f orage passed through a chopper . Ear corn yi elds were det er­
mined on Octob e r  8, 1 9 7 5  and S ept emb er 2 3, . 1 9 7 6 by pi
cking all the e a rs 
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from a 1 3 . 9 m 2 s ec ti on o f  e ach plo t . All ears wer e  weighed and mois­
ture conten t s  were d e t e rmined on samp les ob tained f rom the m i d-s e c t i on 
of 12 ears . T o  m inim i z e  int erf erence f rom crop r e sidue a ll f orage was 
removed f r om the p l o t s  a f t e r  ear corn harves t .  
Soi ls were s amp led t o  a depth o f  9 1 . 5 cm in 30 . 5  
·
cm in t e rvals wi th 
a Gid ding s oi l  samp l ing p r ob e  on May 19 , 19 7 5 , S ep tembe r  23 , 19 7 5 , 
May 1 1 ,  19 7 6 , and Sep t emb e r  30 , 19 7 6 . Three s amp les we re t aken per 
plot and t hese were p oo led to form one s amp le . The s amples were per­
mit t ed to air d ry at leas t  72 hour s bef ore b e ing m echani c a l ly g ro und 
and sieved thr ough a 2 mm s c reen . S o i l  samp les were ana ly z e d  f or water 
solub l e  Ca , Mg , N a , and K, extractab le Na and K, CEC ,  E C , OM, and pH . 
Water solub le Ca , Mg , Na , and K were ob t ained by analysis of  the s a t ura­
tion extra c t  (Bower and Wi lcox , 19 65) with atom i c  ads orp t ion analys i s  
(Issac and Kerb e r ,  19 7 1 ) . Extr a c t ab le Na and K were de t e rmined by an 
atomi c ads orp tion ana ly s i s  (Issac and Kerb e r , 19 7 1 )  of a NH4Ac extrac t 
(U . S . Salini ty Labora t o ry S taf f , 195 4). Cat i on exchange capacity (U . S .  
Salini ty Lab oratory S t af f , 19 5 4) of  the 0-30 cm d ep t h  was d e t e rmined 
for the Sep t embe r  23 ,  1 9 7 5  samples . Electr i cal c onduct ivi ty (U . S . 
Salini ty Lab ora t o ry S taff , 1 9 54 ) was det ermined f or s at ur a t i on extracts . 
A modified Walkley-B lack procedure ( SDSU S o i l  Tes t ing Lab orat ory S taf f , 
19 75 ) was used t o  d e t e rmine s o i l  OM and pH was measur ed on the s o i l ' s 
saturated pas te .  
The s oil's ab i li ty t o  in f i l t rate water was m e as ured dur ing the 
fir s t two weeks of Ju ly ,  19 7 5  and the f i r s t  two weeks of June , 19 7 6. 
Water int ake was mea sured in s i t u  on half o f  the f i e l d  p lo t s .  Doub le 
ring in f i l t r omet e r  cylinde rs (A. R .  Be rtrand , 1 965) of 2 5. 6 and 4 0 . 6 cm 
d iame t e r  were driven approximat e ly 17 cm into the surf ace of the soil. 
The water delive ry system consist ed of re cording rain gauge s  modified 
to continuous ly re cord ac cumul at ed infilt ration through the inside 
cylinde r . A constan t  head of approximately 3 cm was main tained in the 
inne r ring dur ing the t est pe riod with a se lf limi�ing vacuum sys t em 
dur ing 1975 and a smal l  needle valve and float in 1976. The choice 
of 3 cm as a head was arbitrary , however it should be men tioned that 
Rice ( 1974 ) , Bakker and Emmerson t l973) , and Hardcas tle and Mi t ch e l l  
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(1974) have reported more rapid reductions in permeab ility wit h  g reat er 
hydraulic g radients. 
Accumulated infiltration data was plot ted , averaged, and r egre s s ed 
against t ime to develop reg ression equations. Ac cumulated infilt ra-
tion was des·c r ibed by an empirical equation of the form : 
i = eta. (Taylor and Ash croft , 1972) 
where i is the quant ity of wat er infiltrat i ng a unit cross-se ctional 
area of the soil, t is t ime , and c and a. ar e paramet e rs that dep end on 
the soil and it s physical condit ion. This equat ion fits the data quit e 
well for short �er iod s  of t ime , up t o  a few hours. Regression equations 
for the last part o f  the data were develop ed by regressing i aga inst t 
in a polynomial regression subrout ine. Infilt ration rates we r e  calcu-
lated by tak ing the first derivative of the regr e s sion equations at 
the desired t imes. 
In orde r to compare treatments on a common basis , a wat e r  stability 
ratio (WS R) was c alc ulat ed. 
WSR = accumulat ed in f i l t r a t i on a f t e r  1 hour 
accumu lat ed inf i l t ration af t er 12 hou rs 
A large rati o ind icat es lower s t abi li ty o f  aggregat e s  in wat e r  and a 
weakened phy s ical condi t ion .  Hinri chs e t . al . ( 19 7 4 )  and Maz urak e t . 
al . ( 19 55) have us ed a s imi lar parame ter in relat i on t o  hydrau l i c  con­
duct ivity and inf i lt r ati on rate  respec t ively . 
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Severa l analys e s  o f  variance for  a two-factor experimen t wi t h  
repli cations (M .  R. S piege l ,  19 7 5 )  were perf ormed t o  s eparat e t h e  
eff e cts o f  was t e  rat e and sal t leve l o n  _some of t he par am e t e r s  measured 
during the course o f  t hi s  inves t igat ion . Dunne t ' s  t e s t  ( S t eel and 
Torr ie , 19 60)  was used to det e rmine which tre atment param e t e r s  we re 
sign i f ican t ly dif ferent from check parame t ers . 
RESULTS AND D I SCU S S ION 
Ac tual amounts of waste applied to field treatmen ts prior to the 
1975 growing season and amount s  of salt s applied are g iven in Table 4 . 
The analysis o f  the wast e for maj or cat ions appears in  Table 5. 
While not lit erally correct, total cat ions is taken to be the s um of 
the four maj or cat ions. By examining Table 5 ,  we f ind that Na is the 
only salt const it uen t in the manure whi ch var ies to an appreciable 
ext ent with the NaCl level of the rat ion. Consequently, t he amount 
of Na and total salt s applied to field plots varies according t o  the 
amoun t of NaCl added to the rat ion. 
Rainfall data for 1975 and 19 7 6  are presented in  Table 6 . Total 
pr ecipitat ion of 1975 was slightly great er than ave rage primar ily 
because o f  t he pr ecipitat ion of August and Novemb er. Looking at the 
crucial early mon t hs of the growing season we see averag e or below 
average rainfalls with only 0.79 cm in July. Preci pi tat ion was we l l  
below normal t hroughout 1976. 
EC, ESP, EPP 
The EC of saturat ion ext ract s of the surf  ace 30  cm of plot soils 
are given i n  Table 7 .  The U.S. Sali nity Laboratory S taff (19 5 4) g ives 
an EC of 4 000 µmhos/cm as t he value separat ing non-saline from saline 
soils and a v a lue at wh ich a r educ t ion in yield can be expect e d  for 
the most c ommonly grown fee d  grains. Accept ing this value it is ap­
parent from Ta lle 7 t hat, g iven t he limit ed rainfall of t he past, two 
conse cut ive applica t i ons exce ed ing 45 �IT �anure /ha/yr will supply suf­
f ic ien t  salts t o  salin i z e  t he uppe r 30 cm of t h e  soil profile. The 
26 
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Tab le 4 .  Ac tual app l i c a t i on ra tes prior t o  19 7 5  g rowing s eason . 
P rop osed 
t reatmen t Manur e *  To t a l  cat i ons Sod ium 
(MT /ha) ( kg /ha )  ( kg /ha ) 
Che ck 0 . 00 0 . 00 0 . 00 
4 4 .  8- L 4 8 . 60 2 6 3 3 . 5 0  82 . 66 
4 4 . 8-H 5 0 . 82 2 9 5 3 . 50 353 . 8 8 
89 . 6-L 9 2 . 54 ?612 . 7 5 2 00 . 6 7  
89 . 6-H 9 2 . 34 5922 . 7 5 5 9 6 . 7 5 
134 . 4-L 13 8 . 03  8 3 12 . 00 6 2 3 . 2 2 
134 . ·4-H 13 9 .  5 6 8653 . 50 115 6 . 7 2 
1 79 . 2-L 1 8 1 .  7 8 1 04 3 7 . 50 4 4 1 . 12 
17 9 . 2-H I 18 2 . 88 1 18 35 . 5 0 1185 . 3 6 
*On a dry we igh t  basis. 
Table 5 .  Average comp o s i t i on o f  manure app lied t o  f i eld p l o t s  prior 
t o  the 19 7 5  g rowing s e as on .  
Low s a l t High s al t  
----------Percen t *-----------
Na 0 . 37 0 . 75 
K 3. 19 3. 16 
Ca 1 . 05 1 . 05 
Mg 0 . 88 0. 89 
Total c a t ions 5 . 4 9 5 . 85 
*On a dry weigh t b as i s . 
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Sep t embe r  
Octob e r 
Novemb e r  
Decemb e r  
Tot al 
19 7 5  
Devia t i on f r om 
ave rage 19 7 5  19 7 6  
Dev ia t i on f rom 
ave rage 19 7 6  
--------------------------- cm--------------------------
4 . 09 +2 . 82 1 . 60 +o . 33 
0 . 3 8  -2 . 62 2 . 31 -0 . 69 
4 . 11  +o . 64 2 . 36 - 1 . 1 2  
6 . 4 8 +o . 33 5 .  7 7  -0 . 38 
5 . 84 -3 . 00 4 . 9 8  -3 . 86 
1 1 . 9 4 o . oo 3 . 33 - 8 . 6 1  
0 . 7 9  - 7 . 11 4 . 5 5  - 3 . 3 5  
1 7 . 02 +9 . 30 2 . 67 -5 . 05 
6 . 88 +0 . 08 2 . 90 - 3 .  9 1  
o .  71  - 3. 48 1 . 45 -2 . 7 4 
6 . 9 6 +4 . 57 
0 . 18 -1 . 40 
6 5 . 38  +0 . 13 
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Tab le 7 .  Average e l e c t r i cal conduc t iv i ty o f  the satur at i on extract s  
f o r  t h e  s u r f  ace 30 cm o f  p l o t  soi:s . 
Prop osed 
trea tment Fa ll 19 7 4 *  Fall 19 7 5  SEring 19 7 6 
- --------------------µmhos / cm---------------------
Check 1116 1304 15 30 
44 . 8-L 2418 45 21 2 2 42 
44 . 8-H 192 9  3728  1826  
89 . 6-L 4 8 7 3  5389 2 9 5 2  
89 . 6-H 39 5 7  59 60 329 6  
134 . 4-L 5886 7 804 3953 
134 . 4-H 5456 7139 3890 
17 9 . 2 -L I 4903 72 2 7  39 2 3  
179 . 2-H 6017 885 7 3895 
*J . L.  Halb eisen ( 19 7 5 ) . 
30 
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data also indi cate , that d e s p i t e  the l imi t e d rain f al l , if n o  manure 
is  added t o  t he p l o t s  f o r  one year enough s alts  are r emoved f r om the 
upp e r  30 cm to p la c e  the surf ace s oi ls of a l l  p l o t s  int o  the non- saline 
cat egory . 
A s imp le l ine ar regres s i on equat ion with EC the d ep enden t  variab le 
and cumulat ive we ight o f  salt s app lied  to the p l o t s  the independen t  
var iab le y i e lds t he f ol lowing equa t i on : 
EC = 2 9 60 . 6 7  + 0 . 2 5 total sal t s  (kg /ha) , r2 = 0 . 9 2 
wh ich ind ica t e s  tha t t o t a l  salt ad ded t o  f ie ld p l o t s  exp l a ins mos t of 
the . variab i l i ty in meas ured EC of surface s o i ls (Fall 19 7 5 ) . 
In addit i on t o  t he EC of the sur f ace s o i ls , we mus t a l s o  b e  con­
cerne d wi th the s a lin i ty o f  t he en� ire r o o t  z one . This  b e comes more 
imp o r t ant in l ight of  the fact that the E C  o f  these s oi l s  exceeded 
4000 µmhos / cm a t  d e p t hs gr eat er t han 9 0  cm p r ior t o . t he ons e t  o f  th i s  
inves t igat i on .  Figures  3- 1 1  t race t h e  E C  of t h e  s urf ace  9 0  c m  of p l o t s  
from t h e  fall of 19 7 3  ( F  ' 7 3) t o  t h e  sp ring of 19 7 6  (S ' 7 6 )  for  the 
treatmen t s  u s ed in t his s t udy . As well as larg e s cale r e d i s tr ib ut i on 
of salt s , the s e  f igures  show comp le t ely s a line r o o t  z on e s  a f t e r  2 ye ar ly 
app l icat i ons of  89 . 6  MT /ha / y r  o r  more ( F  ' 7 5 ) . The s p r in g  1976 data show 
con t inued h igh E C  a t  dep ths great e r  than 30 cm for  p lo t s  manure d  a t  
rate s  of  1 34 . 4  �IT /ha /yr or more p r i o r  t o  the 19 7 4  a n d  1 975 g r owing 
seasons . The EC o f  s o i l s  may b e  used as an ind i ca to r  of p otent i a l 
p lant growth and y i e ld reduc t i ons resul t ing f r om manur e app l i cat i ons . 
Cat ion e xchang e capac i ty , ESP, �nd EPP of s u r f a ce s oi l s  are pre­
sent ed in Tab le 8 .  Concern has been exp res se d  tha t the  ad d i t ion o f 
Na t o s oi l  may caus e  an inc rease in ESP t o  level s whi ch c ons t i t u t e a 
Fig . 3 .  Ave rag e EC p ro f i les for  the check tr ea tmen t . 
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Fig . 4 .  Average EC prof i l�s f or the Twen ty- low t reatmen t . 
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Fig . 6 .  Ave rage EC prof i le s  f o r  the r'orty- low t r eatmen t . 
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Fig . 8. Av erage EC prof iles for  the S ixty- low treatmen t .  
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Fig . 9 .  Averag e  EC pro f i l e s  f o r  the S ix ty-high treatmen t . 
S l l " -.. I C �  
, _ . ,  
, _  . .  
, _ , ._ 
fl ( C T l l C •l C NCl( f l � r n  l ( . C . • t c  . . •• v s .  t ( • 1 :.  I C • • 
c .o l C C C . C C  H C C . C C  H C C . C O  • c : o . c o  l C C C C . C O 
o . o  
t o . c c  
1 60 . c c  
f U C f l l C •l c c  .. n c 1 c . 1 n  l l . C . • I C • • b l  - � .  C ! • ' "  I C • I  
o .o cccc . c c  • < C r . c c  t e r c . c o  • C C O . C C I C C C C' . (10 
- - - - · - - -- · - - - - - -- - - · - - - - - - - - - . ... .. .. .. .... - .. - - · - - - - -- - - - . 
O . CJ 
10 .(( 
ltO .CJC 
( l l ( r• I C •l C C '1 : l C f l \ H 'r  u .c . - 1 c  . .  � 1  ''· L l ' I  .. t C • I  
c .c ; e r e . c c  • C C C . C C  t CC C . C O  • C C C . C C I C C C O . C O  
c .c 
·� .cc 
1 6 0 .CC I 
I l l  c • •  l ( ll :r .. nc I I \  I I • I r . c .  • 1 c •  .,, I • S .  c c  . . .. 01 C •  I 
C -C ; e r e . r e  4 C t • . c c  • C C C . CO • C C I . C C  I C C C .' . t:ll 
· - - - - - - ... .. ... · - - - - - - - - - . - - - - - - - - - · - - - - - - - - - ·  - - - - - - - - - ·  
r . c  
f l  ... C U I C •l ( ( "'t!: \ C f l \ 1 1 ' f t  .. ( . • l C • • U  v S .  C f ,. fr t ( " 1  
c .c •ccc c c  « e r . c c  t r c c . t :  r c c c . co 1 c c c c . oo 
. - - - ... - - ... - - . - - - - - . - - - . - - - ... - - - - - . - - - - - - - - - . - - - - - - - - .. .  
c . c  
I C  . C C  
u o . c c  
3 8  
Fig . 10 . Ave rage EC p ro fi le s  f or the Eighty- low t r eatmen t .  39 
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Fig . 11. Ave rage EC prof i les f o r the Eighty-high treatmen t . 
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Tab le 8.  Ave rage c a t i on exchange capa c i ty , exchangeab le s od ium per-
cent age , and exchangeab le pota s s ium p ercen ta g e , 0- 30 cm 
prof i l e  dep t h .  
Prop osed Fa l l  19 7 5  SEr ing 19 7 6  
treatmen t  CEC ESP EPP I: ES P EPP I: 
meq/ lOOg ------------- -----P e r cent-------------------
Check 30 . 42 0 . 4 3 2 . 43 2 . 86 0 . 39 2 . 89 3 . 2 8  
44 . 8-L 2 9 . 2 6  0 . 7 5  6 . 2 2 6 . 9 7 0 .  7 2  6 . 02 6 . 7 4 
4 4 . 8-H 2 9 . 66 1 . 2 8  5 .  77  7 . 0 5 0 . 9 1  4 . 0 8 4 . 9 9 
89 . 6-L 3 1 .  7 6  0 . 9 4  9 . J 8  10 . 32 0 . 85 1 2 . 09  12 . 9 4 
89 . 6-H 3 1 . 2 8  1 .  82  10 . 2 3 12 . 05 1 . 2 1  10 . 8 7 12 . 0 8 
134 . 4-L 32 . 87 2 . 0 7 11 . 7 4  1 3 . 81 0 . 70  1 3 . 69  14 . 39 
1 34 . 4-H 3 3 . 6 1 2 . 6 2 13 . 03 15 . 6 5 1 .  4 9  15 . 2 6 16 . 75 
179 . 2- L 3 1 . 0 1 1 .  3 9  2 1 .  3 5  2 2 . 7 4  1 .  2 9  1 5 . 80 1 7 . 09 
17 "9 . 2-H 3 1 .  82 2 . 4 8 2 1 .  6 8  2 4 . 16  1.  60 18 . 2 0 19 . 80 
dispers ion hazard . Despi t e  ra the r large yearly Na appl icat i ons , the 
42 
ESP of plot s o i l s  r emains b e low 3 .  The Ca and Mg added wi th  the manu re 
plus that na t ive to the s o i l  are suf f i c ien t t o  ma int ain a low ESP for 
these soils . A s imp le l inear regression equa tion vi t h  ESP the dependen t 
variab le and cumulat ive weight  of app lied Na the indep enden t v ar iab le 
yields the fol lowing equa t i on : 
ESP = 0 . 72  + 6 . 1 7 x lo- 4 app l ied  Na . (kg /ha) , r2 = 0 . 84 
which indicates  tha t  we i gh t  of added Na exp lains a large p ar t  of the 
variab i l i ty in ESP for the fal l of 19 7 5 .  The ESP dat a  a ls o  shows a 
marked r educ t i on in t he s ur f  ace 30 cm for  the h igher appl i ca t ion rate  
treatment s  after  app l icat i ons had b een d is con t inued f or one year ( Sp ring 
19 7 6 ) . 
Table 8 shows a p ronounced increas e in EPP as a r e s u l t  of  the high 
K con t en t  o f  the appl ied manure .  Changes  in EPP were erra t i c  a f t er 
terminat ion of app l icat ions which may indicate the p r e s en ce of  K f ixing 
micaceous or i ll i t i c  clay minerals in the s oi l .  
Wat e r  Inf i l t r a t i on 
The s o il ' s ab i l i ty t o  allow wat e r  t o  inf i ltrate was measured to 
determine i f  the rates of manure app l ied to the f ield plots were caus ing 
a breakdown in s o i l  s t ruc ture . Accumulat ed inf i l tra t i on data in t abular 
form and the coe f f i c i en t s  of the regres s ion equa t i ons of  this  da t a  for 
19 75 and 19 7 6  may be f ound in Appendix B. Accumula t e d  inf i l trat i on 
and infi ltrat i on rate data  are presented in graphical f o rm  in Figs . 12-
19 .  Inf i lt r a t i on ra t e s  were ca lcu lat ed us ing the regr e s s ion equat ions 
o f the accumulated inf i l t rat ion data . A rat i o  of accumu lated inf i l t ra­
t ion at 1 hour to accumul ated inf i ltr.a t ion at 1 2  hou rs was ca lcula ted 
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Fig . 13 . Ave rage accumulat ed infi l t rat i on of High s alt t r eatment s  f or 19 7 5 . 
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Fig .  14 . Ave rag e accumul a t ed inf i l t ra t ion of Low s al t  treatmen t s  f or 19 7 6 .  
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Fig . 15 . Ave rage ac cumulated in fi l t ra t i on of High s al t  t r ea tment s  f o r  19 76 . 
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Fig . 1 8 .  Ave rage inf i l t rat i on rates of Low s a l t  t reatment s  f o r  197 6 .  
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Fig . 19 . Average inf i l t ra t ion rates of  High s al t  tr eatmen ts f or 19 7 6 .  
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f o r  comp ar a t ive purposes and i s  ref erred t o  as t h e  wat e r  s t ab i lity 
rat i o  (WSR) . A smaller WSR is indicat ive o f  grea t e r  s t ab il i ty o f  the 
soil t o  wat e r  movement through i t . Addit ion o f  wat e r  and d i lut i on of 
the s oil s olut i on w i th the cons equent thi ckening of  the  c lay ' s e le c­
tri c  doub le layer may cause the s oi l  t o  swel l  and d i sp e rs e  i f  the p er­
centage of  monovalent ca t ions on the exchang e comp lex is h igh and the 
solut i on is s u f f i c i en t ly d i lute . Swe lling and d ispers i on o f  the s o i l  
would reduce inf i l tr a t i on and increase WSR .  Washing o rgani c  o r  inor­
gan i c  par t i c les through the p ore sys t em to a z one of sma l le r  diame t e r  
p ores , s uch as p l ow s ole , where the par t i c le s  can ac cumu lat e  and build 
up a r es t r i c t iv e  l ayer would als o cause a larger WS R .  Wat e r  s t ab i l i ty 
rat ios for 19 7 5  and 19 76 are g iven in Tab le 9 .  I t  i s  visua l ly ob­
servab le that app lica t ion rate had a marked e f f e c t  on wat e r  in f i l t ra­
t ion in 19 7 5  with the higher  rates redu c ing in f i l t ra t i on t o  z e ro in a 
short period of t ime . In f i ltrat ion d i f f e renc es meas ure d in 1 9 7 5  were 
in large p ar t  e liminat ed by 19 7 6  a f ter  d is con t inua t i on of the app li ca­
t ions for one year . The results  of the analys i s  of varian ce f or WSR 
are p resen t ed in Append ix D .  The result s show the e f f e c t  of was t e rate 
on WSR to b e  s igni f i can t at the . OS leve l for 19 7 5  and 1 9 7 6 .  Dunnet ' s  
tes t  ind i cates that t he WS R of the 134 . 4 and 1 7 9 . 2 ?-IT /ha /yr treatmen t s  
were s igni f ican tly d i f feren t from t h e  check tr eatments  at  t h e  . OS level 
in 19 7 5  and at the . 01 leve l in 19 7 6 .  
Caus es f o r  the me asured ef fect of  was t e  rate on inf i ltrat i on may 
be d if f i cul t  t o  e s t ab l ish .  A variety of possib il i t ies exi s t  in the 
literature r eviewed , among them are the f o llowing : 1)  s urface sealing 
by organ i c  mat t e r ,  2) di spers ion by Na , 3)  d ispers i on by an imbalance 
I 
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Tab le 9 .  Ave rage wat e r  s tab i l i ty rat i o .  
Prop osed 
t re a tment 19 7 5  19 7 6  
Che ck 0 . 3 3  0 . 19 
44 . 8-L 0 . 40 0 . 2 1  
44 . 8-H 0 . 3 7  0 . 2 2  
89 . 6-L 0 . 35 0 . 2 4  
8 9 . 6-H 0 . 68 0 . 25 
1 34 . 4-L 0 . 6 1 0 . 2 8  
1 34 . 4-H 0 . 87 0 . 3 7  
17 9 . 2-L 0 . 7 9  0 . 38 
17 9 . 2-H 0. 87 0 . 32 
• 
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of monova lent t o  d ivalent cat i ons on  the exchange comp lex , 4 )  organic 
gel f orma t i on , and 5)  p lugging of soil pores by org an ic mat t e r  part ic les . 
Sur face s e aling may b e  eliminated a s  a p robab le caus e ,  s in ce , due 
to  the dryne ss of  the s o i l  a t  the t ime the t e s t s  were p e r f o rmed , the 
soil con t a ined deep cracks ; and to p reven t lat eral movement of water 
out of the inf i ltromet e r  cyl inders , i t ·was neces s ary t o  d r ive  t hem int o  
the s o i l  t o  a d ep th o f  approximat e ly 17 cm . 
Sodium d ispers i on of  the s oi l  is an inhe ren t ly a t t ra c t ive altern a­
t ive s ince Na con ten t of the manure is  a maj or f a c t o r  in this i nves t i­
gat i on . The ob serva t ion that ESP and WSR. data f o l low the s ame general 
pat t ern , part icularly for the higher app l i cat i on ra tes , may lead one 
t o  giv e  ESP a maj or r ole in water  int ake reduc t i ons . I t  shou ld  be 
noted that the highes t ESP reco rded in Tab le 8 is 2 . 62 .  There is lit t l e  
if  any evid ence t o  sugges t N a  d ispers ion of t h i s  s o i l  w i t h  a n  ESP of  
2. 62 or less , part icu larly in  l ight of the  t o t a l  amoun t o f  salts  pre-
sen t  in the s o i l . 
A look a t  t he EPP values in Tab le 8 r eveals values in exce ss of 
20 .  There has not  b een ag re ement in the l i t era tur e as regards the dis­
pers ion p o t en t ial  of K. If  K is given an equal s ta t us wi th Na and a 
crit ical va lue o f  15 i s  accep ted as the exchangeab le monovalent cat ion 
percen t age wh ich represents a d ispers ion hazard , t he p l o t s  whi ch r e­
ceived 1 3 4 . 4  manure /ha /yr or more f a l l  in to the d ispers ion ha zard 
category due t o  t he ir ESP + EPP values . Lookin g at  the 89 . 6  and 13 4 . 4 
t reatmen ts we f ind an increase in EPP and EPP + ESP f rom the f a ll of 
19 75 t o  the spr ing of  1976 and at  the s ame t ime there i s  an imp rovemen t 
in the ab s o lu t e  WSR va lues as wel l  as WS R of these trea tmen t s  relative 
• 
to t-he che ck t r e a tmen t . This makes i t  un lik�ly that an imb alance of 
monovalent t o  d ivalent cat i ons in the exchange comp lex i s  the sole 
cause of  t r eatmen t e ff e ct s  on water  int ake . 
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Organ i c  mat t e r  d a t a  for the 0- 30 cm soil d ep t h  a r e  p r e sent ed in 
Tab le 10 . There  exi s t s  a gene ral t rend with t ime o f  in cr e a s e s  in OM 
be ing as s oc iat ed w i t h  increas es  in WS R followed by a d e cr e a s e  in OM wi th 
a subs equent decrease in  WSR .  
N o  d ir e c t  v i s u a l  examinat i on o f  the pore sys t ems were made with 
a s canning e le c t ron micros cop e  or o ther me thods . I t  i s  there f o re d i f f i­
cult t o p ar t i t i on the water int ake capab i l i ty changes  o f  this  s oi l  int o  
cat egories o f  d e creas ed  pore s iz e  as  a result  of  s o i l  swe l l ing and 
pore p lugg ing by organic o r  inorganic par t icles . 
It  i s  unlikely that  a s ing le f actor is r espons ib le for  the ent ir e  
int ake c apab i l i t y  changes result ing f rom the t r e a tmen t s  emp loyed dur ing 
this s t udy . It  i s  more l ike ly an int erac t ion o f  s ome s oi l  swe l l ing 
caused  by the high ESP + EPP o f  the s oils and phy s i ca l  p lugg ing of s o i l  
pores b y  the large quant i t ies of added organ i c  mat t e r . 
Plan t  Performan ce 
Yield r e duc t ions as a cons equence of manure appli cat ions  were  
expec t e d . It  was the ref ore des irab le t o  determine i f  these reduc t i on s  
could b e  a t t r ibute d t o  a reduce d s tand o r  t o  d e cr e ased p rodu c t i on p e r  
plan t . 
Plan t popul a t i on data are g iven in Tab le 1 1 .  The p opulat i on s  are 
s imi lar w i t h  a gene ral t rend of  lower populat io�s w i th high e r  appl i ca­
t ion r ates . The re  is no s ign if ican t d i ff eren ce in p lan t populat ion
 
among was t e rat es nor be twe en s al t  leve ls at  the . 05 leve l .  Pppu lat i on s 
• 
Table 10 . Ave rage o rganic mat t e r  content  of the 0- 30 cm p rof i le 
dep th.  
Proposed 
t reatmen t 
Check 
44 . 8-L 
44 . 8-H 
89 . 6-L 
89 . 6-H 
134 . 4-L 
134 . 4-H 
1 79 . 2-L I 
1 79 . 2-H 
Fall 19 7 4  Fa l l  19 7 5  Spr ing 19 7 6  
---------------------Percen t---------------------
2 . 87 2 . 9 5 
2 . 9 5 3 . 1 7 
3 . 02 3 . 15 
3 . 50 3 . 6 7  
3 . 30 3 . 6 7  
3 . 6 7  4 . 32 
3 . 6 2 3 . 80 3 . 7 5  
3. 52  4 . 35 3 . 9 7 





Tab le 11 . Average p lan t populat ions . 
Proposed  Da t e  
t re atment 6- 3- 75  6- 1- 76 
(p lants /ha) ( p lants / ha) 
Che ck 34 , 351 · 4 0 , 36 4  
44 . 8-L 34 , 890 39 , 01 8  
44 . 8-H 34 , 620 4 0 , 2 7 4  
89 . 6-L 31 , 6 60 3 7 , 13 5  
89 . 6-H 2 8 , 7 9 1  38 , 301 
134 . 4-L 2 8 , 6 11 35 , 9 69 
1 34 . 4-H 2 8 , 702 3 8 , 032 
1 79 . 2-L 29 , 866 3 7 , 94 2  
179 . 2-H 2 8 , 818 36 , 05 8  
• 
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were a l s o  che cked a t  various t imes throughout the g r owing seasons wi th 
n o  app arent di f f erences . 
Plant height d at a  are presented in Figs . 2 0  and 2 1 .  Tabular da t a  
f o r  p lan t heights  a re g iven i n  App endix C and t h e  r e s u l t s  o f  the analy­
s i s  of var i ance f o r  the p lant he ight dat a ar e p resen t e d  in App endix D .  
There are s ign i f i can t d i f feren ce s in p lant height amo�g was te  rates at 
the . 0 1 l eve l f o r  all s amp ling d at e s  excep t July 2 1 , 19 7 6 . P lant heights 
on p lot s rece iving was t e s  at  rates  o f  13 4 . 4 WT /ha /yr o r  more were s ig­
n i f i can t ly d i f f e rent from check height at the . 0 1 leve l on June 2 7 , 
19 7 5 . The heigh t  o f  p lant s  on p lo t s  manured at  r at e s  of 89 . 6  �IT /ha /yr 
or more we re s ign i f i cant ly diff erent from che ck· heigh t s  a t  the . 0 1 leve l 
of July 7 ,  19 7 5 , June 10 , 19 7 6 , and June 22 , 19 7 6 . 
One o f  the reas on s f or co lle c t ing the p lan t height data  was to t e s t  
the the ory that s a t i s f a c t ory p lan t growth could b e  maint ained on saline 
s o i l s  if a p o r t i on of the root z one was main t aine d in a non- s al ine 
cond i t ion .  A corol lary b e ing that despi t e  early gr owth dep res s ion , i f  
p lant roots we r e  ab l e  t o  pene t rate t o  a non- saline p o r t ion o f  the s o i l  
prof i le ,  the p lan t s  cou ld recove r and a t t ain y ie lds  equal t o  p lan t s  
g rown o n  ·non- s a l ine s o i l .  Conve rsely , i f  the s o i l we re non- s aline and 
root s pen e t rated  in t o  a s al ine port ion of the p rof i le the growth o f  
p lan t s  wou ld f a l l  b e h ind that of  p lan ts  grown o n  ent i re ly non- s �l ine 
s oil .  Co l l e c t i on o f  g ood data and s t ra igh t f o rward int e rp re t a t i on o f  the 
dat a we re h ampe red by be low normal rainfa l l  cau s ing t he corn to burn 
early and by co rn smu t  in 1 9 7 5  and co rn b orer in 19 7 6 . 






















Fig . 20.  Average 19 75 plant heights . 
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Fig . 21 . Ave rag� 19 76 p lan t heigh t s . 
C hee  · 2 0 - L  2 0 - 4 0 - L 
� 6/ 1 0/ 76 
4 0 - 6 0 - L  
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6/2 2 /76 
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� 7/21 / 76 Vt \0 
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treatmen t s  report ed , a f t er one applicat ion , that early s e as on growth 
appeared t o  b e  f avored by the lower was te r a t es ; however , the d i f­
f e rences in growth les sened as  the corn matured and at  harves t ther e  
were no s ign i f i cant  d i f feren ces i n  s ilage y i e ld . I f  we look at Fig s . 
3- 11 we s e e  that , al though the EC of  sur fa ce s oi l  f o r  the f a l l  of  19 74  
of  p lo t s  r e ce iv ing w as t e  at rates  of  89 . 6  'trr /ha/yr or mor e  exceeds 
4000 vmho s / cm , the EC o f  the 30-6 0  cm dep th i s  qui t e  low . I f  roots  
were in this zone s oi l  s a l in i t y  would no t great ly l imi t p lant growth . 
The 19 7 5  p lan t heigh t  d a t a  shows cont inue d growth dep res s i on through­
out · the growing seas on and at harves t there was a s igni f i cant d i f ference 
in s i lage y i e lds a t  the . 05 leve l .  By fall 1 9 7 5  the ent i r e  root zone 
of p lo t s  manured at rates  of 89 . 6  J:rr /ha /yr or  more was s a l ine or ne arly 
so and p l ant growth wo uld b e  limi t ed as a re .. s u l t . The 19 7 6  data beg ins 
as migh t  be exp e c t e d  with great er growth on p lo t s  w i t h  lowe r app l i ca­
tions . As the s eason progressed , this s i t uat ion was r eve rs e d  and tho s e  
p l o t s  wi th a h i s t ory of  larger  app l i cat ion had t a l l e r  p lan t s . I t  was 
at ab out t h i s  t ime t hat a serious coni bor e r  inf e s t a t i on b e came apparent . 
In the e ar ly p ar t  o f  the growin g  s eason mos t of the r oot s are near the 
surf ace and it is exp e c ted tha t p lant  growth would  be clos e ly corr e­
lated t o  the  EC of  surface s o ils . Simp le l inear
.
regres s i on equa t i ons 
with p lan t  hei ght the dependent .
var iab le and EC o f  s u r f ace s o ils  f or 
spr ing s amp l ings the independent variab le yield equa t ions w i t h  coef­
ficient s of d e t e rmina t ion greater than 0 . 80 f or all d a t es excep t July 
2 1 ,  19 7 6 . Th is ind icates that much p f  the· variat i on in p lan t he i gh t  
data may b e  exp l a i ned by t h e  EC of sur fa ce s o i l s . Wh i le the mas s  of 
evid ence is  rathe r small i t  seems t o  support the theory that s o i l s  made 
• 
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saline b y  manu re app l ica t ions  can support p lant growth equal to  non­
saline s o i l s  if a port i on of the r oot zone is kept non- s a l ine and roots 
are ab le to  reach i t .  
The result s o f  a corn b orer damage survey condu c t e d  on July 2 1 , 
19 7 6  are  pr esen t e d  in  Tab le 12 . The g re ates t in fes ta t i on of  European 
corn borer o ccurred in plo t s  with a h i s tory o f  low or n o  app l i cat i ons . 
There was a s ign i f ican t d i f ference in t o t a l  numb e r  of  burrow s  among 
was t e  r a t e s  at the . 05 leve l .  Vi sual ob s erv a t i ons  ind i ca t e  that corn 
smut and wee d  dens i t y  f o l low the patt ern s e t  by the corn b o r e r  dat a .  
The p rob lems were o f  g reater magnitude on p lo t s  wi th l ow a ccumulated 
app l i c at i ons . Two p os s ib le reas ons for these o� s erv at i on s  come t o  mind : 
1)  that  the caus at ive organi sms were salt s ens i t ive or unab l e  to  ob­
t ain s u f f i c ient mo i s t ure t o  remain vig orous , and 2 )  the chemi cals used 
to  control  ins e c t s , wee ds , and d i seas e  were moi s t ure act iva t e d . Be t t er 
chemical  con t r o l  would be  expected on high app lic a t i on p lo t s  if  the 
caus at ive organ i sms were salt sens i t i ve due t o  th e h igher osmot i c  
poten t ial o f  wat er  i n  these p l o t s  and als o if  moi s t ur e  a c t ivat i on of 
the chemicals were req u ired f or cont rol s ince thos e p lots  had a great er 
grav ime t �i c  mo i s t ure  con tent when they were s amp le d  at the t ime the 
inf i lt rat i on t e s t s  we re perf o rmed .  
An imb a lan c e  o f  K /Ca+Hg in f orage f e d  t o  rumin an t s  may cau s e  a 
potent ially f a tal  cond i t i on known as hypomagnes i a .  Corn leaf samp le 
K/Ca+Mg r a t ios  appear in Tab le 1 3 . I f  2 . 2  (Th i l l  and George , 19 7 5 )  
i s  taken as a value o f  K / Ca+Hg ab ove wh ich chances of  hyp omagnes i a  in­
crease g re at ly and the s e  rat i os pers i s t  un t i l  harve s t , nearly a l l o f  
the f orage  p rod u ced o n  t hese plot s is  p o ten t ia l l y  toxi c . An add i t i onal· 
.. 
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Tab le 12 . Corn bor e r  damage survey 7- 21- 7 6 .  
Proposed 
treatmen t  Larvae Pupae Bur r ows Good s t alks 
- -------------------No . / 16 s talks--------------------
Che ck 6 17  32 3 
4 4 .  8-L 3 19 33 2 
4 4 . 8-H 1 18 2 5  2 
89 . 6-L 0 1 7  2 3  2 
89 . 6-H 3 6 14 7 
134 . 4-L 1 9 11 8 
134 . 4-H 1 5 9 10 
17 9 . 2-L 1 7 11  8 
17 9 . 2-H 0 3 6 12 
-
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Table 1 3 .  K/Ca+Mg values of corn leaf s amp le s .  
P roposed K/Ca+Mg 
t reatment 19 7 4 *  19 7 5 
Check 2 . 42 2 . 11 
4 4 . 8-L 2 . 85 2 . 13 
44 . 8-H 2 . 6 1 2 . 2 1 
89 . 6-L 2 . 9 7 2 . 81 
89 . 6-H 3 . 09 2 . 52 
134 . 4-L 3 . 2 8  3 . 6 8  
134 . 4-H 3 . 2 1 2 . 99 
17 9 . 2-L 3. 42 3 . 80 
1 79 . 2-H 3 . 5 3  3 . 14 
*J . L .  Ha lb e i s en ( 19 7 5 ) . 
• 
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year of was te app licat ion did not aggravate the p o ten t ial for hypo­
magnes ia o ccurrences in ruminants fed forage produced on these p lo ts . 
S igni f icant d if ferences at the . 05 level wer e  measured in Mg of leaf 
samp les among was te  rat es and in Ca between salt leve l s . Ther e was 
a s igni f ic ant d i f ference in Ca content  among was t e  r ates at the . 0 1 
leve l .  No s ign i f i cant d i f ferences in K conten t  was d e t e c t ed between 
salt levels nor among was te rates . The d if f erences in K/ Ca+Mg r ates do 
not appear to resu lt from " luxury" consump t ion o f  K but rather from 
decreas ed p lan t up take of Ca and Mg as appli cat i on r ates  increas e . 
S i lage and ear corn yields are reported in Tab le 1 4 . There was 
a s ign i f icant d i f ference in s i lage yi elds in 1 9 7 5  atnong was t e  rates 
at the .' 0 5  leve l .  No s ignificant  dif ferences were determined f o r  s i lage 
yields in 19 7 6  nor for ear corn yields in e i}he r 19 7 5  or 19 7 6 .  
• 
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Table 14 .  Average s i lage and ear corn yields . 
Proposed S i lage yi e lds Ear c o rn yi e lds 
treatmen t 19 7 5 19 7 6  19 7 5  19 7 6  
MT /ha MT/ha h l /ha hl /ha 
0 . 0% H20 0 . 0% HzO 15 . 5% H 20 15 . 5% HzO 
Check 7 . 9 5 2 . 83 19 . 41 2 . 18 
44 . 8-L 8 . 00 3 . 07  3 1 . 3 6  2 . 10 
44 . 8-H 8 . 08 2 . 7 7  3 1 . 6 2  3 . 6 4 
89 . 6-L 6 . 9 8  3 . 07 3 7 . 18 3 . 25 
89 . 6-H 5 . 11 3 . 52 3 3 . 9 1  5 . 08 
134 . 4-L 5 . 2 6  3 . 37  21 .  74  8 . 64 
134 . 4-H 3 . 60 3. 7 5  2 3 . 44 8 . 7 4  
179 . 2-L 5 . 6 5  3 . 66 2 7 . 35 5 . 56 
17 9 . 2-H 3 . 86 3 . 54 10 . 99 7 . 13 
-
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SUMMARY AND CONCLUSIONS 
A s t udy was conducted t o  inves t igate the changes in phys i cal and 
chemical propert ies of  s oi ls as a consequence o f  manure app l i cat ions 
under dryland condi t ions . The obj e c t ives of  the s tudy were : 1 )  to  
determin e  i f  s al t s  present in  the manure would b u i ld up  in the  soil  
profile and limit plant growth ; 2 )  to  determine if the sal t s  p res en t  
in the manure would a l t e r  the rat io o f  monovalent to d iva len t  cat i ons 
on the exchange comp lex and cause s oi l  s tructure p rob lems ; and 3)  to 
determine if cons t i tuents  of the manure added to  the s o i l  would af f e ct  
the  s o il ' s  ab i li ty t o  t ransmi t wat e r .  
Manure app licat ions caus ed large increas es in the E C  of  s u r f  ace 
soils . A s imp le · l inear regression equation us ing cumulat ive we ight 
of  salt s added t o  the s oil to pred ict  EC of the surf  ace s o i l  expl ained 
92% of d a t a var iat ion . Two yearly applicat i ons great e r  than 9 0  MT /ha 
added suf f ic ient salts  to  s alinize  the en t ire roo t z one . Al though r ain­
fall was limi ted , the EC of surface soils was r educed af t er app lica­
t ions we re d i s c ont inued f or one year . 
Measu red values o f  ESP and EPP increased d irect ly as app lication 
rates  in creas ed in 19 7 5 . Upon terminat i on of  app l i cat ions , ESP va lues 
were marke d ly reduced but no trend was es tablished in the EPP data for 
19 7 6 . A s imp le linear regres s ion equation u s ing cumu la t ive wei ght of 
added Na to predict  ESP exp lained 84% of the variab ility  in ESP values . 
The e rrat ic  response o f  EPP to manure app licat ion s  may be related t o  
the presen c e  o f  i l lit ic  type clay mine ra ls i n  Sou t h  Dako t a  s o i l s . Soi l  
moisture d a t a  and c l ay mine ralogy information woul d  a i d  i n  t h e  deve lopment  
.. 
of a mod e l  t o  p r e d i c t  changes in s oil chemi s try char ac t e ri s t i c s  as a 
consequence o f  manure app l i cat i ons . 
Af t e r  two yearly app li cat i ons , the h i gh e r  app l i cat ion r a t e s  h ad 
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a p r onoun ced e f f e c t  on the s o i l s ab i l ity to t r ansmi t wat e r . The s o i l  
chemis try data  collected in d i cate that t h e  change s  in wat e r  i n f  i l t r a­
tion cannot b e  
·
a t t r ibut ed solely to an imba lan c e  o f  monovalen t t o  di­
val en t  c a t i ons on the exchange comp lex . I t  i s  mor e  l ik e ly an int er­
ac t i on b e tween s o i l  swe lling resul t ing f rom ESP + EPP and phy s ical 
plugging of  soil p o re s  by organic mat t e r  part i c le s . A large p art o f  
the. d i f f e r en c e s  measured i n  water inf i l t ra t i on wer e  e l iminated upon 
cessa t ion o f  ap p licat i ons . Direct visual examinat i on o f  the pore 
sys t em may a id in id en t i fy ing the �aus e ( s )  for measured changes in 
the inf i l t rat i on cap ab i li t ies of the s o i l . 
Dat a  we re gathered whi ch ind ic a t e  that y i elds equal t o  those ob­
taine d on en t i re ly n on- saline soil  may b e  at tained on a s o i l  made s a line 
by manure app l i cat i ons i f  a portion of the root  z on e  i s  kep t non- s a l ine 
and roots are ab le t o  p enetrat e  in to i t  early in th e grow ing s eason . 
A s ignif ic an t  d i f f e ren ce in corn b orer in fes t a t i on was f ound among 
was t e  rat e s  in 19 7 6 . Plot s with a h i s tory of low o r  n o  app l i cat i ons 
were a f fe ct ed mo s t  s evere ly . 
Leaf samp l e  an aly s es o f  19 7 5  showe d d ange rou s ly high K / Ca+Mg r a t ios . 
If they pers i s t  un t i l  harves t and the f orage i s  f e d  w i thou t s up p lemen t a l 
Ca or Mg the f o rage cou ld induce a pot en t ial ly fatal condit ion known
 
as hyp omagnes ia . The high rat i os result  from an inv er s e  r e lat i onship 
be twe en was t e  rat e an d the Ca and Mg content of 
. leaf s amp l e s . 
No c o n c l us iv e  relat ionsh ips were es tab lished by this s t udy b e tween 
... 
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applicat ions and yie lds . Disease and inse c t  p rob lems e i ther in conj unc­
tion with or as a consequence of d ry weather comb ined to aggravate 
and con fuse the variab i li ty in yield dat a .  
The d a t a  collected during this inves t igat ion ind i cat e tha t i f  
app licat i ons a r e  limited t o  those required t o  maint ain adequate f e r­
tility , less  than 4 5  't-IT /ha/yr on a d ry weight b as is , a long term 
manuring p rogram may succeed under d ryland condi t i ons . The p r imary 
prob lem w i th higher app licat ions is  the potent ial f o r  s a l iniz ing the 
roo t  zone and reducing yields . I t  seems unlikely tha t Na added in the 
manure will result in soil s t ructure dif f icult ies  for qui t e  a long 
t ime , if  eve r .  The large amounts  o f  K added t o  the s o i l  wi th manure 
app licat i ons me r i t  concern both from the s t andpoin t  of s o i l  s t ructur e  
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Tab le B 2 .  Accumulated inf iltrat ion for average tes t runs in 19 75 . 
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Tab le B3 . WSR for individual t e s t  runs in 19 75 . 
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Tab le B S . Accumulat ed inf i lt rat ion f o r ave rage t e s t  runs in 19 7 6 .  
A V E P A C E  I C C l � � l A T E C  t � F I L T P • T I C � T R E A T l" E N T 
C�fC  
.. (\.fl s 0 . 2 5  0 . 5 0  0 . 7 5 t . c c  2 . c c  ) . C O  4 . C C  5 . c o  6 . C O 7 . C O  e . o o q . o o  1 0 . � o  1 1 . 00 1 2 . 0 C  l J . C O  1 4 . 0 0  1 5 . C C  1 6 . C O 1 1 . c c 
c �  i . s 1  2 . 2 2 2 . 1 ,  ? . c 2  4 , 3 2  5 . 6 4  t . e e  e . 1 4 9 . • o  1 0 . 4 2  1 1 . 4 4  1 2 . 5 2 l J . 60 1 4 . 1 2 1 5 . 5 4  l t . � 4  1 1 . 5 4 1 e . 4 t  1 q . 1 2 2 c . 2 4 
c C  l 
� C l t U  C . 2 5 o . 5 0  0 . 7 5 t . c c  2 . 0 0  1 . c o  4 . 0 C  5 . C C  6 . C O 7 . C O e . o o 9 . 0 0 t o . c o 1 1 . 0 0  1 2 . 0 0  l l . C O  1 4 . 0 0 1 5 . C C  1 6 . C C  1 1 . c c 
c �  i . 1 q 2 . 4 3  2 . 1 e ? . 1 �  4 . 5 1 5 . 1 1  6 . 9 4  e . c �  9 . c 1 1 0 . 0 6 1 1 . c 1 1 2 . 0 5  l Z . e 5  1 1 . 6 2  1 4 . 4 5  1 5 . 2 1  1 5 . q e 1 6 . t 4 1 1 . � c 1 1 . e z  
a ... 
Ml 9 S  0 . 2 5 0 . 5 0  0 . 7 5 1 . c c  2 . c o  1 . c o  4 . C C  5 . C O  6 . 0 0 7 . C O a . c o q . c o 1 0 . 0 0  1 1 . CO 1 2 . c o · � - C C  1 4 . 0 0  1 5 . C C  1 6 . C C 1 7 . C C  
c �  t . E e  2 . 1 6  2 . e c 1 . 2 c  4 . 4 4  , . t e  t . q 6  e . z c q . 1 2  1 0 . 1 2 1 1 . 3 2 1 2 . J 6 1 3 . 2 e 1 4 . 1 2  t 4 . q 6  1 5 . 7 2 1 6 , 4 8  1 7 . 2 4  i e . c c  l d . t 4 
4 C  l 
� c u s c . 2 5  o . �c 0 . 7 5 1 . 0 C  2 . c c  ) . C C  4 . 0 0  5 . C C  6 . 0 0 7 . C O  � . c o 9 . 0 0  1 0 . 0 0 1 1 . 00 1 2 . 0 0  1 3 . C C  1 4 . 0 0  1 5 . C C  1 6 . C C  1 1 . c c  
c �  l . e 1  2 . 4 e  z . q � J . 6 2  5 . 6 c  t . 9 3  e . z q 9 . 7 6  1 c . e e  1 1 . q 2 1 2 . 7 8  t J . 5 2  1 4 . 2� 1 5 . 2 0 1 5 . e 6  1 t . 5 6 1 1 . 1 2  i 1 . 1 1  1 � . 1 1  1 � . 1 e 
4 C  t-4 
"4 C L A S  0 . 2 5  0 . 5 0 o . 7 5 \ . C C  2 . c c  3 . C O  4 . 0 C  5 . C O 6 . 00 7 . C O e . c o 9 . 0 0 1 0 . C O 1 1 . c o 1 2 . c o  l l . C C  1 4 . 0 0 1 5 . C C  1 6 . C C  1 7 . C C 
c �  1 . 4 6 1 . ! 4  2 . 1 1  2 . 3 7  ! . 5 7  4 . 7 2  5 . e q 6 . 8 )  1 . e 1  8 . � o 9 . 3 0  I C . C O  1 0 . 5 0 l l . 0 1 1 1 . 5 7  1 2 . 0 2  1 2 . 5 C 1 2 . � �  1 3 . 4 2 1 3 . 7 � 
6 C  l 
H C l ll S  0 . 2 5  o . 5 0 0 . 7 5 1 . c c  2 . c c 3 . C O  4 . C C  5 . C O  6 . C O 7 . C O A . co q . c o 1 0 . 0 0  l t . oo 1 2 . c o  1 3 . C O  1 4 . 0 0 1 5 . C C  1 6 . C C 1 7 . C C  
c �  2 . 1 8 z . 1 2 3 . 2 !  3 . 8 2 5 . 5 6  l . 5 8  ! . 2 4  q . f !  l C . 7 0 1 1 . 1 2 l � . 5 0 1 3 . 1 4 l J . 9 2 1 4 . ) 6 1 5 . C 2  1 5 . � 4 1 6 . 0 4 l t . � 4  1 7 . C C 1 7 . 4 C 
E C  � 
� C l ll S  0 . 2 5  0 . 5 0 o . 7 5 t . c c  2 . c o ) . C O  4 . t c  5 . C C  6 . C O 7 . 0 0 e . c o  9 . 0 0 1 0 . 0 0 1 1 . C O 1 2 . 0 0  1 3 . C C  1 4 . 0 0  1 5 . C C  1 6 . C C  1 7 . C C 
c �  2 . 0 6  2 . 3 1  2 . 6 9 z . q f  J . a z  4 . 7 5 5 . 5 7  6 . 2 6  t . 1 1 1 . 2 5  1 . 1 1  e . 1 4 8 , 4 8  e . P. � 9 . 1 2  9 . 4 4  9 . 7 6 1 c . c 2  1 0 . 2 4 t C . 4 8 
l! C  l 
H et. ' S  C . £ 5  o . 5 0 0 . 7 5 1 . o c  2 . c o  3 . C O  4 . C C  5 . C C  6 . 00 7 . C O a . co q . o o 1 0 . 0 0 1 1 . 00 1 2 . o c  1 3 . 0 C  1 4 , C O  1 5 . C C 1 6 . C C 1 7 . C C  
c �  z . 4 4 3 . 2 0 3 . 5 e ? . 9 4  5 . 3 2  t . 5 2  7 . 3 1!  ! . 2 6 e . 5 8 9 . 1 6 9 . 6 4 9 , q z  1 0 . 3 e  1 0 . 5 8  l c . 1 0 1 c . 9 c 1 1 . o e  1 1 . t t 1 1 . 1 4 1 1 . 5 c 
.. n 1 u  
, ,,  
e c  ... 
c . 2 5  0 . 5 0  0 . 7 5 1 .c c  2 . 0 0  J . C O 4 . 0 C  5 . c o  6 . C O 1 . c o 8 . 0 0 9 . 0 0  1 0 . 0 0  1 1 . 00 1 2 . 0 0  l l . C C 1 4 . 0 0 1 5 . C C  1 6 . C C 1 7 . C C 
z . c 1  2 . 4 7  Z . 8 7  ! . 2 ?  4 . 7 1  6 . C l  1 . 0 �  l . 9 5  @ . 7 S 9 , 2 4 1 0 . C l  l C . 4 8  1 0 . e s  1 1 . 24 1 1 . 5 9  1 1 . 8 5  1 2 . 1 1 1 2 . ! t 1 2 . 6 !  1 2 . � 1  
00 00 
Table B 6 .  WSR for individual tes t runs in 19 7 6 .  
\ A 1 E R  5 T l � l l I T �  P � T l C 
C H E C K  2 0  L C �  2 C  t- I C t' 4 C  l C W  li C  H I CH 
C . 1 7  o . , c 0 .  }Ci C . 1 5  c . 1 2 
c .  n 0 .  l R  C . H C . 3 2  C . 4 5  
c . 1 e  0 . 1 6 .. . . .  c . n .  c . 2 2  
c . 2 e  0 . 2 1  • • • •  C . 2 7  C . H  
• • • •  c . 2 1  • • • •  c . 1 q c . 1 1i  
. . . " . .  " .  " . . .  • • • •  • • • •  
A V E  c . 1  «; 0 . 2 1  c . 2 4  c . 2 11 C . 2 '5  
6 C  L O �  6 0  H I CH 
o . 2 c o. 3 9  
0 . 2 5  C . 5 1  
C . 4 4 O . ' H  
0 . 2 1  c .  u s  
• • • •  C . 2 5 
• • • •  • • • •  
0 . 2 8 0 . 3 1  
e o  to1i1  
0 . '3 4 
o .  3 q  
0 . 4 8 
C . 29 
" . . . 
• • • • 
o .  l8 
llC .. IC .. 
c . 4 le  
C . 3 7  
0 . 2 1  
0 .  1 4  
c . � 1  
C . 1 A  
o .  3 2  
CX> •\Q 
90 
Table B 7 . Accumulated inf i l t ra t i on regres s i on equati on c oe f f i cients--
19 7 5 .  
Prop o s ed 
t reatmen t 
Che ck 
44 . 8-L 
44 . 8-H 
89 . 6-L 
89 . 6-H 
Cont inued 
Regres s ion equat ion I Reg re s s i on equat i on I I  
y = axb y = c+dx+ex2+f x3+9x4+hx5 
y = accumulated inf i ltrat i on ( cm) , x = t ime (hr)  
Coe f ficient s  I Coe f f ic ien t s  I I  
a = 2 . 39 c = 2 . 2 1 
b = . 32 d = . 48 
x = . 25-1 . 00 e = 0 
r2 = . 99 8  f = 0 
g = 0 
h = 0 
x = 2 . 00- 16 . 00 
_-r
2 = . 99 4  
a =- 3 . 90 c = 1 . 2 6  
b = . 44 d = 2 . 59 
x = . 25- 3 . 00 
r2 = . 99 6  
e = - . 40 
f = . 29 x io-1 
g = - . 72 x lo- 3 
h = 0 
x = 4 . 00- 16 . 00 
r2 = . 9 84 
a = 7 . 49 c = 2 .  72 
b = . 38 d = 4 . 38  
e = - . 60 
f . 43 x 10- 1 
g = - . 11 x 10- 3  
x = . 25-5 . 00 
r2 = . 9 9 7  
h = 0 
x = 6 . 00- 16 . 00 
r2 = . 9 88 
a = 5 . 29 c = 1 . 14 
b = . 59 d 4 . 3 4 
e = - . 65 
f = . 45 x 10- 1 
g � . lL x lo- 3  
x = . 25-2 . 00 
r2 = . 99 7  
h = 0 
x = 3 . 00- 16 . 00 
r2 = . 99 4  
a = 2 .  86 c ·= 3 . 90  
b = . 32 d . 09 
e = 0 x = . 25-3 . 00 
r2 = . 9 83 f 0 
9 1  
Cont inued 
Proposed 
t reatment Coe f f i ci ent s I Coe f f icients I 
g = 0 
h = 0 
x = 4 . 00- 16 . 00 
r2 = . 980  
134 . 4-L a = 2 . 6 1 c = . 92 
b = . 45 d = 1 . 94 
x = . 25-2 . 00 e = - . 33 
r 2 = • 9-92 f = . 2 3 x lo- 1 
g = - . 5 7 x lo- 3 
h = 0 
x = 3 . 00- 16 . 00 
r 2 = . 9 6 5  
134 . 4-H a = 2 . 6 1  c = 4 . 09 
b = • 36 d = . 03 
x = . 25- 6 . 00 e = 0 
r 2 = . 9 7 8 f = 0 
g = 0 
h = 0 
x = 7 . 00- 16 . 00 
r 2 = . 85 3  
1 79 . 2 -L a = 3 . 19 c = 4 . 49 
b = . 41 d = . 07 
x = . 2 5- 4 . 00 e 0 
r2 = . 9 99  f 0 
g 0 
h = 0 
x 5 . 00- 16 . 00 
- ·r2 = . 99 0  
1 79 . 2-H a = 1 . 2 3 c = 1 . 41 
b = . 19 d = 0 
x = . 2 5- 3 . 00 e = 0 
r2 = . 9 9 5  f = 0 
g = 0 
h = 0 
x = 4 . 00- 16 . 00 
r2 1 . 00 0  
9 2 . 
Tab le BB . Ac cumulated inf i lt r at ion regre s s i on equa t i on coeff ici en t s--
19 7 6 . 
Reg res sion equat ion I Regres s i on equa t i on I I  
y = axb y = c+dx+ex
2+f x3+9x4+hx5 
y = accumulated infi lt rati on ( cm) , x = t ime (hr) 
Prop osed 
treatment Coef f icien t s  I . Coef f ic ien t s  I I  
Che ck a = 3 . 08 c = 1 . 02 
b = . 49 d = 1 .  7 2 
x = • 2 5-1 .  00 e = - . 66 x lo- 1 
r2 = . 99 8  f = . 19 x 10- 2 
g = 0 
h = 0 
x = 2 . 00- 16 . 00 
r2 = . 9 98  
44 . 8-L a = 3 . 2 4 c = 1 . 18 
b = . 44 d = 1 .  7 1  
x = . 25- . 7 5 e = - . 7 2  x 10
- 1 
r2 = . 994  f = . 18 x 10-2 
g = 0 
h = 0 
x = 1 .  00- 16 . 00 
r 2 = . 9 9 6 
44 . 8-H a = 3. 2 3  c = 1 .  20 
b = . 42 d = 1 .  6 7 
x = . 2 5- . 75 e = - . 59 x 10- l 
r2 = . 9 9 2  f = . 13 x 10- 2 
g = 0 
h = 0 
x = 1 .  00- 16 . 00 
r 2 = . 9 9 7 
89 . 6-L a = 3. 68 c = • 83  




. • 2 5- . 50 e = - . 2 6 
r . 990 f = . 16 x io- 1 
g = - . 36 x io- 3 
h = 0 
x = . 7 5- 16 . 00 
r2 = . 9 9 7 
89 . 6-H a = 2 . 50 c · - 5 . 52 
b = . 4 2 d = . 49 
x = . 2 5- . 75 e = 0 
r2 = . 9 74 f 0 
Cont inued 
9 3 
Con t inued 
Pr oposed 
treatmen t  Coeff icients  I Coe f f i c ients  I I  
g = 0 
h = 0 
x = 8 . 00- 16 . 00 
r 2 = . 9 9 6  
134 . 4-L a = 3 . 88 c = 1 . 0 3 
b = . 45 d = 2 . 81 
x = . 25- . 50 e = - . 2 8 
r2 
= 
. 9 84 f = . 1 7 x 10- l 
g = - . 39 x 10- 3 
h = 0 
x = • 7 5- 16 . 00 
r2 = . 99 6  
1 34 . 4-H a = 3 . 00 c = 2 . 09 
b = . 30 d = • 89 
x = . 2 5- . 7 5 e = . 03 
r2 = . 9 81 f = 0 
g = 0 
h = 0 
x = 1 .  00- 16 . 00 
r 2 = . 884 
179 . 2-L a 4 . 05 c = 1 . 3 8  
b = . 3 7 d = 2 . 5 8 
x = . 2 5 e = - . 33 
r 2 = . 99 5  f . 2 1 x 10- l 
g = - . 49 x io- 3 
h = 0 
x = . 50- 16 . 00 
r 2 = . 982  
1 79 . 2-H a = 3 . 36 c = 1 . 8 8  
b = • 39 d = 1 . 2 9 
x
2 
= . 25- . 7 5 e = - . 04 
r = . 96 7  f = 0 
g = 0 
h = 0 
x = 1 .  00- 16 . 00 
r 2 = . 9 18 
APPENDIX C 
Table Cl . Leaf analy•i• raaulta for 1 9 7 5 . * 
N p K CA HG S I  HH FE BO cu ZN AL S R  BA 
-------------------Percen t-------- ------------ -----�----------------pp------------------------
Oleck i 
Ave . 2 . 360 0 . 170 2 . 340 O . S80 O . S lO  0 . 4 3S 84 . 0  201 . 0  22 . 0 9 . 8  39 . 0  1 76 . 8  ltl . 8  9 . S  
s 0 . 148 O . OS2 0 . 2 2 7  0 . 104 0 , 07S 0 . 01 1  12 . 2  24 . S  l . 4 0 . 8 4 . 2  40 . 6  l . l 2 . 7 
Count 4 . 0 � . o  4 . 0  4 . 0  4 . 0  4 . 0  4 . 0  4 . 0  4 . 0  4 . 0  4 . 0 4 . 0  4 . 0  4 . 0  
'l\lenty-low 1 
Ava .  2 . 467 0 . 512 2 . 1u 0 . 607 0 . 187 0 . 4 72 1 79 . 0  264 . l  2 8 . 0  8 . 8  S l . S 2 3 3 . 8 18 . 0  6 . 8 
s 0 . 149 0 . 04 1 0 . 125 0 . 024 0 , 026 0 . 040 68. l 90 . l  5 . 8  l .  l 16 . 3  106 . 0  2 . 2  1 . 1 
Count 4 . 0  4 . 0  4 . 0  4 . 0  4 . 0  4 . 0  4 . 0  4 . 0  4 . 0  4 . 0  4 . 0  4 . 0  4 : 0  4 . 0  
Twenty-h igh : 
Ave . 2 . 567 0 . 442 2 . 2 32 0 . 615 0 . 3 7 7  0 . 4 3 7  1' 1 . 0 2 10 . 5 2 2 . 8  7 . S  4 4 . 8 22 6 . 0  38. 8 8 . 3 
s 0 . 017 0 . 033 0 . 126 0 . 086 0 . 067 0 . 02 )  46 . 0  59 . 1 2 . 8  0 . 9  7 . 1 9 7 . 2 3 . 3 0. 4 
Count 3 . 0  4 . 0  4 . 0  4 . 0  4 . 0  4 . 0  4 . 0  4 . 0  4 . 0  4 . 0  4 . 0  4 . 0  4 . 0 4 . 0  
Forty- low : 
Ava .  2 . 702 0 . 425 2 . 337 0 . 495 0 . 337 0 . 452 1 84 . 0  2 35 . S 2 1 , 5 8 . 5 49 , 3  19 7 . 5  lS . 1  5 . l 
s 0 . 19 7 0 . 029 0 . 102 0 . 044 o . o u  0 . 016 36 . S  65 . 3 o . s  0 . 9 4 . 0  1 15 . 9  l . S  0 . 4 
Count 4 . 0 4 . 0  4 . 0  4 . 0  4 . 0  4 . 0  4 . 0 4 . 0  4 . 0  4 . 0  4 . 0 4 . 0  4 . 0  4 . 0 
Fo n y-h i gh : 
Ava . 2 . 640 0 . 4 4 7  2 . 2 2 7  o . s u  0 . 362 0 . 460 1 7 3 . 5 2 1 2 . 3  2 5 . 8  8 . 5 5 5 , 8 1 78 . 0  36 . J  5 , 3 
s 0 . 0 1 1  0 . 018 0. 056 0 . 06 7  0 . 057 0 . 041 19 . 0  �l .  7 1 . 9  0 . 5 1 . l  6 1 . 8  4 . 1 0 . 8  
Count 4 . 0  4 . 0 4 . 0  4 . 0  4 . 0  4 . 0 4 . 0  4 . 0  4 . 0  4 . 0  4 . 0  4 . 0  4 . 0  4 . 0  
S i xty-low: 
Ava . 2 . 7 U 0 . 4 17 2 . 357 0 . 365 0 . 2 7 5 0 . 412 249 . 3 168 . 0  25 . 5  8 . 8 6 7 . 8 1 1 1 .  3 31 . 5  4 . 0  
s 0 . 1 58 0 . 05 1 0 . 046 0 . 027 0 . 018 0 . 0 37 1 7 . 4  1 5 .  7 4 .� 0 . 4 8 . 3 19 . 0  1 . 1 o . o  
Count 4 . 0  4 . 0  4 . 0  4 . 0  4 . 0  4 . 0  4 . 0  4 . 0  4 . 0  4 . 0  4 . 0  4 . 0  4 . 0  4 . 0  
S i xty-high : 
Ave .  2 . 890 0 . 45S 2 . 200 0. 457 0 . 2 7 7  0 . 415 2 7 6 . 3 181 . 3  2 5 . 0  7 . 8  79 . l  1 19 . 0 3 1 . S 4 . 3 
s 0 . 208 0 . 029 0 . 0 7 1 0 . 044 0 . 02 2  0 . 042 74 . 0  1 7 . 6  ), ) 0 . 8 10 . l 1 3 . 2 2 . 1  0 . 4 
Count 4 ; 0  4 . 0  4 . 0  4 . 0  4 . 0  4 . 0  4 . 0  4 . 0  4 . 0  4 . 0  4 . 0  4 . 0  4 . 0  4 . 0  
Eighty-low : 
Ave .  2 . 962 0 . 402 2 . 310 0 . 332 0 . 2 7 5 0 . 390 261 . 5  166 . 0  26 . 0  8 . 8  6 4 . S 102 . 0  29 . 8  4 . J 
s 0. 1 78 0 . 024 0 . 159 0. 008 0 . 02 3  0 . 02 7  6 .S . O  7 . 4 2 . 7 0 . 8  7 , 4  16 . 9  o . e  0 . 4 
Coun t 4 . o . '  4 . 0  4 . 0  4 . 0  4 . 0  4 . 0 4 . 0  4 . 0  4 . 0  4 . 0  4 . 0  4 . 0  4 . 0  4 . 0  
J: i iihty-high : 
Ava, 3 . 145 0 . 4 35 2 . 260 0 . 4 10 0 . 310 0 . 195 2 76 . 5  1 79 . 0  2 3 . 8 7 . J 7 6 . l 1 31 . 5 )1 . 3 4 . 0 
s 0 . 046 o . ou 0 . 102 0 . 074 o. ou 0 . 061 68. 4 3 . 6  3 . 9 0 . 4 15.  7 20. l l . S  o . o  
Co""t 4 . 0  4 . 0 4 . 0 4 . 0  4 . 0  4 . 0  4 . 0  4 . 0  4 . 0  4 . 0 4 . 0  4 . 0  4 . 0  4 . 0  
*ill l a  analyHa were leaa t bu  0 . 011. \.0 Ln 
9 6  
Tab le C2 . Average plant heights . 
Proposed Da t e  
treatment 6-2 7- 7 5  7- 7 - 7 5  6- 10- 7 6  6 - 2 2- 76 7- 2 1- 7 6  
( cm) (cm) ( cm) ( cm)  ( cm) 
Check 74 . 00 114 . 81 61. .  2 7  88 . 13 125 . 09 
44 . 8-L 7 1 . 83 108 . 7 1  6 3 . 5 0  84 . 66 126 .. 49 
44 . 8-H 60 . 1 7 105 . 9 2 65 . 2 1 84 . 80 1 2 7 . 88 
89 . 6-L 5 0 . 6 7  7 2 . 26 54 . 42 7 8 . 65 12 7 . 06 
89 . 6-H 4 6 . 8 3  75 . -69 5 3 . 6 2  7 5 . 75 134 . 45 
134 . 4-L 34 . 50 5 3 .  7 2  48 . 9 6 7 1 . 88 129 . 7 8 
134 . 4-H 29 . 5 0  5 6 . 13 5 0 . 6 6 7 2 . 48 12 3 . 9 7 
179 . 2-L 3 1 . 33 49 . 5 3 4 8 . 0 1  7 1 . 32 12 8 . 9 9  
179 . 2-H 2 3 . 83  46 . 99 41 . 7 7  6 5 . 52  129 . 31 
APPENDIX D 
9 8  
Table Dl .  Analysis o f  variance results for WSR .  
- -- ------- 19 7 5----------
Variat ion d f  MS F 
Was t e  rates 3 0 . 1 5 39 5 . 3 3* 
Salt levels 1 0 . 06 38 2 . 2 1 
In terac t i on 3 0 . 0199 0 . 69 
Error 8 0 . 02 89 
Total 15 
Sub-to tal 7 
19 7 5  Dunnet
'
s s ignif icant d i f f e rence, d ( . 01)  = 
19 7 6  Dunne t
'
s s ignif icant d i f f e rence, d  ( . 01)  
*F 3 , 8 ( . 0 5 )  = 4 . 0 7 
---------- 19 7 6----------
d f  MS 
3 0 . 0 1 3 7  
1 0 . 0025 
3 0 . 0049 
8 0 . 002 4 
1 5  
7 
0 . 45 , d ( . 05 )  = 
0 . 13 ,  d ( . 05 )  
F 
5 . 62*  
1 . 03 
2 . 01 
0 . 32 
0 . 09 
Table D2 . Analys is of  vari ance results f or plant heigh t  19 75 . 
99 
-------- 6-2 7- 75---------- --------- 7 - 7- 75-----------
Varia t i on d f  MS F d f  MS 
Was te rat e  3 12 38 . 9 4 12 . 18* 3 8426 . 0 8 
Salt leve l 1 184 . 42 1 . 81 1 0 . 10 
In terac t i on 3 1 3 . 29 0 . 1 3 3 2 5 . 25 
Error 8 101 . 76  7 4 63 . 7 5  
Tot al 15 14 8915 . 18 
Sub-t otal 7 7 8 45 1 .  4 3  
June 2 7 ,  19 7 5  Dunnet
'
s s igni f icant d if f eren ce , d ( . 0 1) = 2 6 . 89 
July 7 ,  19 7 5  Dunnet ' s s igni f i cant d i f ference , d ( . 01)  = 2 2 . 7 3 
*F 3 , 8  ( . 0 1) 7 . 5 9 
**F 3 , 7 ( . 01)  = 8 . 45 
F 
42 . 40** 
0 . 00 
0 . 13 
100 
Tab le D3 . Analy s i s  of va r i an ce resul t s  f o r  p lant h e i gh t s 19 7 6 .  
----- 6- 10- 7 6------ ----- 6- 2 2- 7 6------ ---- 7- 2 1- 76----
Var i a t i on df MS F d f  MS F d f  MS F 
Was t e  r a t e  3 5 48 . 5 0  32 . 7 1 *  3 397 . 55 16 . 2 3* 3 2 6 . 36 0 . 82 
Salt lev e l  1 6 . 63 0 . 40 1 3 1 .  56  1 . 2 9 1 5 . 38 0 . 1 7  
Int e rac t i on 3 2 8 . 0 7  1 . 6 7  3 1 7 . 68 o .  7 2  3 5 8 . 4 4  1 . 81 
Error 2 4  16 . 7 7  2 4  24 . 50  2 4  3 2 . 3 2  
To t a l  3 1  3 1  3 1  
Sub- t o t a l  7 7 7 
June 10 , 19 7 6  Dunne t ' s  s igni f i c an t  d i f f eren ce , d ( .  0 1 )  6 . 80 
June 2 2 , 19 7 6  Dunne t ' s  s ign i f  i c an t d i f f erence , d ( . 0 1 )  6 . 98 
July 2 1 , 19 76  Dunne t ' s  s igni f i c an t  d i f f eren ce , d ( . 0 1 )  = 9 . 44 
*F 3 , 2 4 ( .  0 1 ) 
= 4 .  7 2  
